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EXECUTIVE SUMMARY 

The Six-Phase Heating (SPH) treatability study will be conducted under the Comprehensive 
Environmental Response, Compensation, and Liability Act (CERCLA). This preliminary record of decision 
study will provide quantitative treatment data and cost data to assess the feasibility of deploying this 
technology as a part of the remedial action for the Groundwater Operable Unit (GWOU). The study will 
be consistent with the Federal Facility Agreement among the U.S. Department of Energy, the U.S. 
Environmental Protection Agency (EPA) and the Commonwealth of Kentucky (EPA 1998). The SPH 
treatability study follows the guidance set forth in the EPA’s Guide for Conducting Treatability Studies 
under CERCLA (EPA 1992). 

The primary objective of the SPH treatability study is to demonstrate the implementability of the SPH 
technology in the unsaturated and saturated zones of the Upper Continental Recharge System (UCRS) and 
in the underlying Regional Gravel Aquifer (RGA). A successful implementation will demonstrate that 
SPH can cost effectively heat soil and groundwater in both the UCRS and RGA, can recover steam and the 
target contaminant vapors (trichloroethene in this case), and can treat the recovered contaminant vapors. 

The planned treatability study will include the design, installation, and operation of one SPH array. 
A single SPH array consists of six power electrodes, a center neutral electrode, an electrical power control 
unit, a steam and contaminant vapor recovery (VR) system, temperature and pressure monitoring systems, 
and contaminant vapor and water treatment systems. The SPH system operates by applying electricity to 
electrodes that have been placed at specified depths in the subsurface. As power is applied to the 
electrodes, the soil matrix resists the flow of electricity among the electrodes causing the subsurface to be 
heated. Subsurface temperatures are increased to the boiling point of groundwater and targeted contaminants 
are volatilized. Steam and volatilized contaminants migrate upward and are collected in the vadose zone 
by VR wells. Steam then is condensed to water and contaminant vapors are processed by the vapor 
treatment system. Electrodes will be installed to a total depth of 30 m (97 ft) below ground surface, which 
is slightly below the base of the RGA. The planned SPH treatability study will allow treatment of both the 
shallow UCRS and the underlying RGA and is intended to test the constructability, remedial effectiveness, 
and cost effectiveness of deploying the technology in the area adjacent to the C-400 Building. 

504858 
00-1 97(d0~)/083 101 ix 



THIS PAGE INTENTIONALLY LEFT BLANK 

504859 

00-1 97(d0~)/083101 



1. PROJECT DESCRIPTION 

In August 1988, volatile organic compounds (VOCs) and radionuclides were detected in residential 
wells near the U.S. Department of Energy’s (DOE’S) Paducah Gaseous Difhsion Plant (PGDP). Between 
1988 and the present, numerous groundwater investigations have been conducted to identify probable source 
areas. To address these source areas, the D2 version of the Groundwater Operable Unit (GWOU) Feasibility 
Study (FS) was issued August 2001 (DOE 2001a). As part of this FS, it is necessary to understand the 
effectiveness of certain treatment technologies that are being considered for full-scale use (based on 
applicability to specific site conditions). This Treatability Study Work Plan (TSWP) is for a treatability 
study using Six-Phase Heating (SPH) at the C-400 Building. 

The SPH treatability study at the C-400 Building will be conducted under the Comprehensive 
Environmental Response, Compensation, and Liability Act (CERCLA) and will follow the guidance set 
forth in the U.S. Environmental Protection Agency’s (EPA’s) Guide for Conducting Treatability Studies 
under CERCLA (EPA 1992). The study will be consistent with the Federal Facility Agreement (FFA) 
among the DOE, EPA, and the Commonwealth of Kentucky (EPA 1998). This preliminary record of 
decision study will provide quantitative treatment effectiveness and technology cost data for evaluating 
the constructability, applicability, and performance of the SPH technology in remediating trichloroethene 
(TCE) source areas at PGDP. 

1.1 GEOLOGY AND HYDROGEOLOGY 

The depths to various lithologic units vary across the C-400 Building region. The depths presented in 
this design are approximate and actual depths will be determined or verified as the first new borings are 
installed. Similarly, the depths to groundwater vary considerably with season; however, consistent depths 
are used in this design for ease of understanding. All depths have been rounded to the nearest meter and 
nearest foot. 

The PGDP overlies the southern extent of the ancestral Tennessee River. A 11-m (35-ft) thick sand 
and gravel deposit of the ancestral Tennessee River extends from beneath the PGDP northward to the 
Ohio River. These coarse sediments form the shallow aquifer beneath the PGDP, known as the Regional 
Gravel Aquifer (RGA). Immediately underlying the RGA is the Upper Cretaceous McNairy Formation. 
The upper portion of the McNairy Formation consists of interbedded silts, sands, and clay. The middle 
member, the Levings member, generally is a silty clay, while the lower McNairy Formation primarily is 
sand with some silts and clays. 

The treatability study will be conducted near the southeast corner of the C-400 Building, and the 
lithology at this location is extremely variable. The main hydrogeologic units beneath the treatability study 
area consist of the Upper Continental Recharge System (UCRS), the RGA, and the McNairy Formation. 
In the study area, the RGA and the first major sand of the upper McNairy Formation are separated by an 
approximately 3- m (9-ft) thick lens of McNairy silts, sands, and clays, which act as an aquitard. 
Approximately 17 m (56 ft) of silt and clay, with horizons of sand and gravel lenses, covers the RGA. The 
groundwater flow system developed in these shallow sediments is called the UCRS. Groundwater 
typically is encountered in the UCRS at approximately 12 m (39 fl) below ground surface (bgs). The RGA 
potentiometric surface is encountered at a depth of approximately 17 m (56 ft) bgs. The RGA is saturated 
throughout and recharged primarily by vertical groundwater flow from the UCRS. Hydraulic gradients 
direct groundwater flow in the RGA laterally to the north where groundwater discharges into the Ohio River. 

00-197(d0~)/083 101 1 



1.2 LOCATION OF TREATABILITY STUDY 

Previous site investigations have identified three groundwater contaminant plumes resulting from 
past activities at PGDP. All three of the plumes are located in the RGA. Two of these plumes, currently 
identified as the Northwest Plume and Northeast Plume, receive considerable contaminant loading from 
the C-400 Building area. Fig. 1.1 shows the relationship between the maximum concentrations (greater 
than 100,000 pg/L) of TCE contamination and the C-400 area. 

The Waste Area Grouping (WAG) 6 Remedial Investigation (RI) (DOE 1999) characterized the nature 
and extent of contamination around the C-400 Building. The WAG 6 RI concluded that there are zones of 
TCE dense nonaqueous-phase liquid (DNAPL) in the UCRS and RGA beneath the C-400 Building. 
Appendix E of this SPH treatability study, taken from the GWOU FS (DOE 2001a), presents a summary of 
the characterization data for the C-400 area DNAPL zones and documents the area DNAPL conceptual 
models. The data are sufficient to suggest that the southeast C-400 DNAPL zones account for the majority 
of mass of residual and pooled DNAPL. Given the high concentrations of TCE in the RGA groundwater, it 
is assumed that DNAPL has migrated to the RGA. As part of the WAG 6 RI, the UCRS soil was 
characterized and shown to be a residual source of DNAPL. Accordingly, the SPH treatability study is 
centered on the area with highest UCRS soil contamination levels and with high TCE levels in RGA 
groundwater (and possible DNAPL accumulation). This location is boring 400-200 (plant coordinates -408 1 
east, -1725 north), with the TCE concentration of 11,055 mg/kg. To encompass boring 400-200, the SPH 
array will be located near the southeast corner of the C-400 Building as shown in Fig. 1.2. 

1.3 SIX-PHASE HEATING TREATABILITY STUDY DESCRIPTION 

The SPH system operates by applying electricity to electrodes that have been placed at selected 
depths in the subsurface. As power is applied to the electrodes, the soil matrix becomes an electrical 
resistance heater, raising the temperature of the soil to a level so that the target contaminants (TCE in this 
case) are volatilized. Both contaminants and steam are removed using vapor recovery (VR) wells. 
Detailed information on SPH and its operation is provided in Sect. 2 and in the 90% Design Drawings 
and Technical Specijications Package for the Six-Phase Heating Treatability Study for the Paducah 
Gaseous Diffusion Plant, Paducah, Kentucky (SPH Design Package) (DOE 200 1 b). 

The planned treatability study will include the design, installation, and operation of one SPH array. 
A single array consists of six power electrodes, a center neutral electrode, an electrical power control unit 
(PCU), a steam and contaminant VR system, pressure and temperature monitoring systems, and contaminant 
vapor and water treatment systems. The treatability study is designed to test the effectiveness of the SPH 
technology in the complex hydrogeology at the (2-400 Building. Electrodes will be constructed to a final 
depth of 30 m (97 ft) bgs, and each will consist of six depth-discrete electncal resistance heating intervals 
covering the UCRS, the RGA, and the upper interbedded silt, sand, and clay layer of the McNairy Formation. 

The treatability study array will be set up at the C-400 Building as described in Sect. 6.1 - Pre-test soil 
and groundwater samples will be collected from borings, as described in Appendix A, to document the 
contaminant concentrations in the vicinity of the treatability study array. As the electrodes heat the 
subsurface, volatile organics and groundwater will be converted to the vapor phase. These vapors will 
migrate upward to be recovered by VR wells and steam vents constructed within the electrode borings 
and by the steam vents located in the vacuum monitoring piezometer borings. Captured vapors and steam 
will be evacuated to the surface where the steam will be condensed and the vapors will be adsorbed onto 
granular activated carbon (GAC) filters. Treated condensate will be recycled within the aboveground 
systems as makeup water for the SPH processes and treated air will be released to the atmosphere. 
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Electncal resistance heating will continue for approximately 130 days; after which time, electrical 
resistance heating will be shut down and the treatability cell will be allowed to return gradually to 
ambient temperatures. The actual period of electncal resistance heating will depend upon how rapidly the 
system purges the test cell of contamination. Operations monitoring, described in Sect. 8.3, will produce 
the data needed to determine the actual electrical resistance heating time. Upon completion of the test, the 
effectiveness of the system will be verified by installing new borings adjacent to selected pre-test borings, 
as described in Appendix A. Soil samples will be collected from these new borings and analyzed, and the 
data will be compared to the pre-test data. Post-test groundwater samples will be collected from the multi- 
port monitoring wells, and the data will be compared to the pre-test data. 

A total of 35 borings is planned for the project: 4 borings are multi-level groundwater and soil 
temperature monitoring wells; 7 borings are electrode and VR wells; 15 are vacuum monitoring piezometers 
and backup VR points; and 9 are post-test assessment borings. 

1.4 STAKEHOLDERlREGULATORY APPROACH 

1.4.1 Current Status 

Remedial activities at the PGDP are conducted under an FFA among DOE, EPA, and Commonwealth 
of Kentucky (EPA 1998). This treatability study will be conducted under CERCLA and follows the 
guidance set forth in the EPA's Guide for Conducting Treatability Studies under CERCLA (EPA 1992). 

1.4.2 Regulatory Requirements and Notifications 

All activities to be conducted during the treatability study will comply with the substantive requirements 
of all federal and Commonwealth of Kentucky laws and regulations. 

Section 1.3.2 of the SPH Design Package (DOE 2001b) describes some of the activities covered by 
various PGDP work permits. 

2. TREATMENT TECHNOLOGY DESCRIPTION 

The following sections provide greater detail of the design and operation of the SPH system. Full 
details, including engineering drawings, are located in the SPH Design Package (DOE 200 1 b). 

2.1 SIX-PHASE HEATING 

SPH systems have been demonstrated to effectively remove volatile and semivolatile contaminants 
fiom soils and groundwater (EPA 1999). To implement the technology, an array of six power electrodes is 
placed in the ground so that the electrodes surround the targeted contaminated region. Each electrode is 
connected to a separate power supply transformer to provide it with a unique phase of electncal current. 
The electrode spacing and the connected electrical phases are both 60" apart, producing a uniform ratio of 
voltage difference to the physical distance between electrodes. A typical SPH array is hexagonal in shape, 
with a neutral electrode located at the center. 

When electncal power is delivered, current is conducted through the soil moisture, which heats the 
soil resistively. This heating volatilizes contaminants and water (producing steam) in the soil, effectively 

- 
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steam stripping VOC contaminants in situ. The volatilized contaminants and steam then are removed by 
VR wells and treated aboveground. For this treatability study, the captured vapors and steam will be 
evacuated to the surface where the steam is condensed and the vapors will be adsorbed onto GAC filters. 
Treated condensate will be recycled within the aboveground systems as makeup water for the SPH 
processes, and treated air will be released to the atmosphere. This process results in accelerated removal 
of target contaminants from soil and groundwater compared to conventional soil-vapor extraction and 
does not require major excavation. 

The only additive that may be required for SPH is potable water, which normally is added to the 
vadose-zone soil surrounding the electrodes during operation. This prevents the soil adjacent to the 
electrodes from drying out and becoming nonconductive. However, some aquifers contain sufficient 
moisture to keep the electrodes conductive throughout the operation. 

The components required to implement SPH are electrodes; VR wells; a steam and vapor collection 
system (including piping, a blower, a condenser, and a condensed water storage tank); a vapor treatment 
system; an electrical PCU used to condition power for application to the soil; and a computer control/data 
acquisition system for continuous remote control of power. A schematic of the system is presented in Fig. 2.1. 

The volatile contaminants are collected and processed in a steam and vapor collection system. As the 
soil and groundwater is cleaned, contaminant concentrations in the steam and vapor decrease. In a 
remedial cleanup, when the steam and vapor concentrations decrease to and remain at an agreed level, the 
heating is stopped. Post-remedial characterization may be conducted to determine if the cleanup objectives 
were achieved. For this treatability study, the planned operational period is 130 days. Post-test 
characterization of soils and groundwater will be performed at the completion of the operational period. 

SPH is implemented in arrays of six electrodes arranged in a hexagonal pattern around a central neutral 
electrode. An array can be as large as 14 m (45 ft) in diameter, effectively heating a 19 m (63 ft)-diameter 
region of soil. To treat large volumes of soil, several arrays are operated simultaneously or the heated 
region can extend to a great depth [up to 61 m (200 ft) bgs]. The maximum volume of soil treated is 
governed by the power delivery capability of the SPH transformer [i.e., 10,000 m3 (12,000 yd3) of soil can 
be treated with a 1250 kW power supply]. For this treatability study, the SPH array will be 9 m (30 ft) in 
diameter, effectively heating a subsurface region measuring 13 m (42 ft) in diameter. To treat larger areas, 
several arrays are constructed side by side and operated simultaneously. The vertical limits for SPH are 
set by the depth to which boreholes for electrode construction can be drilled. For the PGDP, the SPH 
system is expected to treat approximately 3,900 m3 (5,000 yd3) of subsurface. 

2.2 CURRENT STATE OF DEVELOPMENT AND MATURITY OF TECHNOLOGY 

SPH has been applied at eight demonstrations and seven full-scale cleanups. The technology has 
been successful in removing contaminants in open areas as well as areas with obstructions (e.g., buildings 
or utilities). In addition, SPH has been successful in remediating a wide variety of soil types including 
tight silts and clay. Because SPH remediates soil and groundwater by passage of an electncal current, it is 
not hindered by low-permeability or heterogeneous soils (EPA 1999). Some of the sites where SPH 
technology has been successfully implemented to address VOC contamination include the Savannah 
River Site in South Carolina, a former dry cleaning site in western Washington, and an electronics 
manufacturing facility in Skokie, Illinois. A full summary of the sites can be found in the SPH Design 
Package (DOE 2001b). 
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Fig. 2.1. Conceptual process flow diagram. 

Six-P hase 
Power 

Transformer 

BECHTEL BECHTEL JACOBS COMPANY, LLC 
MANAGED FOR THE US DEPARTMENT OF ENERGY UNDER 

US GOVERNMENT CONTRACT DE-AC-01980R22700 
Oak Ridge. Tennessee Paducah. Kentucky PoRsmouth. Ohlc 

JACOBS 6 
*m~-*w=-em .it 

Science Applications 
lntemational Corporation 

-.I I- w- - --- ------ 
--I- -- -- P O  Box2502 

. r . r r - ' .m-*  Oak Ridge. Tennessee 37031 

Control Room rn 
Injection 
Water 

Electrode and VR 
(one of six) -b 

Off-gas lines and injection water lines 
Are located at each of the seven electrodeNR piezometers. 

Not drawn to scale. 

Flowmeter li 
Vacuum 

Pump 

Condensed 
Water 

Storage 
Tank 

T 

U. S. DEPARTMENT OF ENERGY 
DOE OAK RIDGE OPERATIONS 

PADUCAH GASEOUS DIFFUSION PLANT 



2.3 APPLICABILITY TO THE PGDP SITE 

The geology and contamination at the PGDP site are similar to the geology and contamination at the 
three sites listed above. All three sites were contaminated with chlorinated hydrocarbons, and clay and 
gravel are the dominant lithologies. At PGDP, silt and clay derived from loess are dominant lithologies in 
the shallow sediments [to a depth of approximately 17 m (56 ft)] that make up the UCRS. In addition, the 
SPH demonstrations at the three sites listed above showed that the technology is effective in areas 
difficult to remediate due to both the depth of contamination and the obstructions present (i.e., buildings 
and utilities), such as at the C-400 Building at the PGDP. 

Moreover, the SPH demonstrations have shown the technology to be effective in semi-confined 
aquifer settings, similar to the uppermost aquifer at the PGDP, the RGA. The 1 1-m (35-ft) thick sand and 
gravel deposit that is the dominant unit of the RGA occurs at an average depth of 17 to 28 m (56 to 9 1 ft) 
below the C-400 area. All three of the off-site contaminant plumes that extend from the PGDP are 
developed in the RGA. The base of the RGA appears to be the greatest vertical extent of DNAPL 
migration at the PGDP. Because contaminant levels in the RGA are supported by source terms in the 
UCRS, the SPH technology will be tested in both the UCRS and the RGA during this treatability study. 

3. TREATABILITY STUDY OBJECTIVES 

3.1 PRIMARY OBJECTIVE 

The primary objective of the treatability study is to demonstrate the implementability of this technology 
to the unsaturated and saturated zones of the UCRS and to the groundwater of the RGA. A successful 
implementation will heat the soils and groundwater in both the UCRS and RGA to a temperature that 
allows steam and vapors containing the TCE to rise and be moved by the VR wells, treated by the vapor 
treatment system, and removed from the treatability study test cell. Within this primary objective, several 
operational parameters will be evaluated to determine the effectiveness of the system and the impact of 
the SPH technology on current PGDP operations. These secondary objectives are described in Sect. 3.2. 

3.2 OPERATIONAL PARAMETERS 

In addition to measuring the remedial effectiveness of the SPH system, the following operational 
parameters will be evaluated during the treatability study for each of the three depth zones (unsaturated 
UCRS, saturated UCRS, and the RGNMcNairy): 

steam and temperature decay rates; 
temperature gradients throughout the test cell; 
TCE removal rates as a function of operational time and energy consumption; 
constructability of the system in the C-400 Building area; 
construction and operation costs as a function of TCE mass removed or destroyed (cost-effectiveness); 
the effect of the SPH system on adjacent utilities and facilities; and 
operational impacts experienced by United States Enrichment Corporation. 

Figs. 3. I and 3.2 show the underground utility and aboveground facility obstructions in the proposed 
area of the treatability study. 
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4. EXPERIMENTAL DESIGN AND PROCEDURES 

4.1 SCALE OF TESTING 

This treatability study will provide the performance data needed to determine the feasibility of the 
SPH technology for treating TCE sources at the PGDP. The scale of the treatability study involves integration 
and performance of all the components of a full-scale, multiple array SPH system in a single array field test. 

4.2 VOLUME OF MATERIAL TO BE TREATED 

Appendix E of this work plan, Derivation of TCE and 99Tc Source Zone Volumes for the WAG 6 
Area, estimates that approximately 113,550 L (30,000 gal) of TCE currently are in the UCRS soils, and 
570,750 L (1 50,000 gal) of TCE are currently in the RGA groundwater in the southeast comer outside of 
the C-400 Building. The treatability study SPH system to be installed will consist of a single array and 
will treat a small portion of the contaminated area. The depth of the SPH array will be30 m (97 ft) bgs, 
which is approximately 2 m (8 ft) below the base of the RGA. The diameter of the SPH array will be 9 m (30 
ft). Based upon modeling and field experience, the strong effects of heating will extend beyond that 
diameter by approximately 40%; thus, the actual treatment area will measure approximately 131 m’ 
(1,4 14 ft’), and the approximate treatment volume will be 3,900 m3 (5,000 yd3). 

4.3 CRITICAL PARAMETERS 

Critical parameters for the SPH treatability study are those operational parameters of the system and 
the physical and chemical parameters of the media being treated that have the greatest impact on the 
ability of the technology to meet the objective stated in Sect. 3. These critical parameters for the SPH 
treatability study are the following. 

Soil and Groundwater Temperature. In order for the SPH technology to be effective, the 
temperature of the soil and groundwater throughout the treated volume must be raised sufficiently to 
drive groundwater and targeted contaminants into their vapor phases. For this treatability study, the 
soil and groundwater temperature must be raised to approximately 100°C at the top of the heated 
volume and 125°C at the bottom of the heated volume (Weast et al. 1976). 

Treatment Time. The treatability study is planned for 130 days, but the actual duration of the 
electrical resistance heating may be shortened or lengthened depending upon the rate at which the 
system removes TCE and water from the treated volume. 

Soil Moisture Content. Because heat will be conducted through the test cell by soil moisture, thorough 
heating of the test cell is dependent on the amount of soil moisture in the subsurface. 

Vapor Extraction Rate. The rate of extraction of vapor from the vadose zone must be greater than 
the production of vapor to prevent vaporized contaminants from escaping to the atmosphere or from 
condensing in the vadose zone. 

Impact to Surrounding Structures, Utilities, and Operations. It must be possible to install the system 
at the C-400 Building site and to operate it with limited interference to site personnel and operations. 
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Vapor Treatment Criteria. Emissions from the GAC vapor treatment system will be in accordance 
with criteria with which DOE and the Commonwealth of Kentucky Air Quality Control (QC) Board 
have agreed. In addition, an on-line VOC analyzer will be mounted in the GAC stack. This VOC 
analyzer will automatically shut down the SPH and VR systems if the emitted vapor exceeds one-half 
the permissible exposure limit for TCE. The permissible exposure limit for TCE is 100 ppmv, so the 
set-point for the system shut down is 50 ppmv. 

4.4 STEPS TO PERFORM THE TREATABILITY STUDY 

The SPH Design Package (DOE 200 1 b) and the Construction Quality Control Plan for the Six-Phase 
Heating Treatability Study at the Paducah Gaseous Dgusion Plant, Paducah, Kentucky, DOElOW07- 
1944&D2 (DOE 2001c), describe how the treatability study will be implemented. 

4.5 AMOUNT OF REPLICATION 

Refer to Appendix A of this TSWP for details regarding the Sampling and Analysis Plan (SAP), 
including the number of replicate analyses. 

5. EQUIPMENT AND MATERIALS 

The following subsections summarize equipment and materials necessary to construct and implement 
the SPH system. 

5.1 CONSTRUCTION EQUIPMENT 

In order to install the SPH system, a drilling rig capable of drilling a 14-in. hole to a total depth of 34 m 
(1 10 ft) bgs is required (i.e., an auger rig with 10-114 in. inside-diameter augers or other drilling system). 
Other necessary equipment includes equipment commonly associated with electrical utility installation 
(e.g., boom truck) and a forklift. 

5.2 SIX-PHASE HEATING EQUIPMENT 

The following generalized list of equipment and materials is necessary for installation of the SPH 
system. A complete list and specifications can be found in the SPH Design Package (DOE 2001b). 
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Construction trailer 
Electrodes and associated components 
VR wells 
SPH power control unit 
Electric utility supply line 
Graphite or steel shot 
Computer 
Data acquisition software 
Temperature sensors 
Steam and vapor treatment system and accessories 
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Post-Test Soil Characterization Boring 

Note: Locations of borings and wells are conceptual 
and may change due to actual field conditions. 

Fig. 6.1. General layout of test cell. 
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VRsystem 
Soil sampling equipment 
Phone line, remote telemetry unit 

5.3 SITE SPECIFIC RECOMMENDED ACTIONS 

The area chosen for the SPH treatability study includes multiple structures related to current or former 
operations of the C-400 Building. The structures include an overhead crane system, a railroad track, a 
fence, below ground utility lines, an unused empty aboveground storage tank (AST), unused aboveground 
pipelines and pump system associated with the AST, and loading dock structures. In order to install the 
SPH system in the area of highest contamination, the fence as well as the aboveground pipeline and 
associated airline connecting the pump system with the AST must be removed. These structures will be 
reinstalled after installation is complete. The removal and reinstallation of the above-ground piping and 
fence will be coordinated by BJC. 

An electrical power pole will need to be installed in the area adjacent to the SPH treatability study 
site. Electricity will be obtained &om the nearest available source at the time of installation, which may be 
from a nearby 13.8-kV electrical line on the south side of Tennessee Avenue. The SPH PCU will reduce the 
supply voltage to the appropriate level to apply to the subsurface. The SPH team will provide any poles or 
lines required while USEC will be responsible for connecting the SPH system to the USEC mwer grid. 

6. SAMPLING AND ANALYSIS PLAN 

The following sections discuss the general sample requirements to assess effectiveness and operation 
of the SPH treatability study. Additional details are provided in Appendix A (the SAP) and in the SPH 
Design Package (DOE 2001b). 

6.1 LOCATION OF THE TREATABILITY STUDY 

The SPH treatability study will be conducted at the southeast comer of the C-400 Building, in what 
appears to be the primary source area for the Northwest Plume. Figure 1.2 (also Fig. A.l) shows the 
planned location for the treatability study test zone. This location was selected based on data collected 
during the WAG 6 RI conducted in 1997 (DOE 1999). 

6.2 SAMPLING STRATEGY 

This section discusses the general sampling strategy to be followed to evaluate the test objective and 
document the performance goals presented in Sect. 3. The overall sampling strategy for the treatability 
study will focus on the soils of the upper continental deposits, as well as UCRS and RGA groundwater. 
Analytes of interest are the organic compounds TCE; 1,l -dichloroethene (DCE); cis- 1,2-DCE; 
trans-l,2-DCE; and vinyl chloride (also known as TCE and its degradation products), as well as benzene, 
carbon tetrachloride, and chloroform; radionuclides; metals; the geochemical parameters ' of pH, 
oxidation-reduction potential (Eh), conductivity, dissolved oxygen, temperature, and soil moisture; and 
major anions and cations. Sampling for the treata8ility study will consist of three phases: preconstruction 
baseline sampling, operational sampling, and post-construction effectiveness sampling. As indicated in 
Fig. 6.1 (also Fig. A.2), a total of 35 borings is planned for the project (four vacuum monitoring piezometers 
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are installed at more distant locations and are not shown on the Figures). Four of the borings are for multi- 
level groundwater and soil temperature monitoring wells. One of the groundwater monitoring wells will be 
placed upgradient of the heating zone, two of these borings are within the heating zone, and one boring will 
be placed downgradient of the heating zone. When completed as multi-level groundwater monitoring wells, 
each well will have up to seven sampling ports, which will make each well equivalent to a multi-well 
cluster. The four wells together will result in up to 28 sampling points. 

Seven borings for electrode and VR well installations also are planned. Six of the borings are in a 
roughly hexagonal arrangement with the remaining boring in the center of the pattern. The electrodes 
installed in these borings will heat the soil, and the associated VR wells will recover the vapor created by 
the heat. There also are 15 vacuum monitoring piezometers that will measure the amount of vacuum 
applied to the subsurface by the VR system, provide steam vents at the UCRSRGA interface, and act as 
backup VR points. Eleven of the 15 borings located within the zone of heating will be used to collect soil 
samples from the UCRS for characterization of pre-test contaminant levels. 

At the conclusion of heating, nine soil borings will be installed to assist in determining the residual 
contamination concentrations and technology performance. These borings will be installed adjacent to 
selected piezometer borings in which baseline soil samples were collected to establish pre-test 
contaminant levels. The soil samples will be collected from the same depths as the baseline samples and 
analyzed for the same analytes and parameters tested for in the baseline soil samples. 

6.2.1 Soil and Groundwater Sampling 

Both soil and groundwater samples will be collected as part of the baseline sampling effort. Soil 
samples from the UCRS will be collected from 11 of the 15 vacuum monitoring piezometers during 
drilling. Soil samples will be collected every 1 m (2 ft) from ground surface to the top of the RGA, which 
is at a depth of approximately 17 m (56 ft) bgs. 

Although soil samples can be collected from the RGA, the coarse texture of the gravel makes 
recovery of residual DNAPL difficult; therefore, groundwater samples will be the primary medium used 
to indicate the magnitude of RGA soil contamination. Groundwater samples will be collected from up to 
seven intervals in each of the four multi-port groundwater monitoring wells. Each well will sample one 
interval at the base of the UCRS gravel, five intervals through the RGA (interval spacing to be determined 
from the borehole geophysical log from boring 400-038), and one interval in the first upper McNairy sand 
to the total depth of approximately 34 m (1 10 ft). In each of the borings that extend to the base of the 
RGA, a soil sample will be collected across the Continental DepositsMcNairy Formation contact, or 
within the uppermost McNairy Formation, to aid in determining the presence of pooled DNAPL. Field 
analysis of this soil sample, based on readings of a photoionization detector (PID) and direct observations, 
will be used to assess the local presence of a DNAPL pool at the top of the McNairy Formation. For direct 
observation, the core either will be wrapped in a section of fabric sleeve treated with hydrophobic dye 
(flute membrane-type material) as it is removed from the core sleeve, or a hydrophobic dye will be applied 
to the core to stain areas containing DNAPL. If a significant thickness of pooled DNAPL is present at a soil 
boring site based on field observations, the boring will be terminated at the top of the McNairy Formation. 

Additional groundwater sampling will be performed during the operational phase of the treatability 
study. One groundwater sampling event will occur when SPH operations are approximately 80% complete 
(near calendar day 104). A second groundwater sampling event will occur when SPH operations are about 
90% complete (near calendar day 117) and will help determine when to end SPH operation. Actual 
scheduling for the two operational groundwater sampling events will be based upon best estimates of 
progress of the system in removing the contaminants from the subsurface. 
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After the end of the soil heating operational period (before the soil and water have a chance to cool 
down), soil and groundwater samples will be collected again to evaluate the performance of the technology. 
Groundwater samples will be collected from the multi-port monitoring wells within one week after the 
heating phase of the treatability study is complete. Soil samples will be collected from nine borings drilled 
adjacent to the vacuum monitoring piezometers within two weeks of the completion of operational period. 

6.2.2 Operational Sampling 

During the operation phase of the treatability study, various parameters will be measured to ensure 
optimum performance of the overall system and to determine the operating requirements and costs of the 
system. The parameters to be measured include energy usage, contaminant recovery, steam extraction rates, 
vacuum readings, temperature readings, VOC adsorption efficiency of the GAC, water addition rates, and 
operating parameters of the system components. 

6.2.3 Health and Safety Sampling 

During the boring and well installation phases and the treatment phase of the project, a very small 
potential for exposure to TCE exists for site workers. While there is little potential for overexposure to 
TCE, real-time monitoring with alarming instruments and personnel sampling will be used to document that 
exposure levels were maintained well below the 50 parts per million (ppm) for an 8-hour time-weighted 
average (TWA) permissible exposure limit. 

Site sampling for the potential exposure to TCE will be conducted for two days before any subsurface 
material is brought to the surface to establish baseline conditions at the work site. The sampling will be 
conducted following National Institute for Occupational Safety and Health method 1022 using sampling 
pumps and charcoal sorbent tubes. 

Monitoring of the worker breathing zone will be conducted using an alarming direct-reading PID. 
Readings will be taken continuously while subsurface material is being brought to the surface. The PID 
will be calibrated before each day of use with a standard calibration gas, typically 100 ppm isobutylene, and 
at the end of each day, following the manufacturer’s operating instructions. These calibration readings 
and the field readings will be entered into a monitoring log book. In addition, personnel sampling pumps 
will be used ten days per month on personnel most likely to receive exposure. 

During heating operations, real-time monitoring of stack exhaust for TCE will be conducted using a 
fixed industrial PID monitor. This instrument will have an alarming capability and will be set to alarm at 
25 ppm. In addition, two area PID monitors will be set up to monitor the ambient air conditions. These 
monitors will be checked per the manufacturer’s instructions, and the TWA will be recorded daily. These 
PIDs also will be calibrated each day of use. 

6.2.4 Waste Management Sampling 

The SAIC Waste Coordinator will be responsible for sampling the solid and liquid investigation- 
derived waste as needed. During sampling, all appropriate health and safety concerns will be addressed. 
Sample materials from different containers will not be mixed, and only containers requiring further 
characterization will be sampled. 

6.2.5 Analytical Requirements 

During the treatability study, most analyses will be performed by a fixed-base laboratory contracted 
through the Sample Management Office. Specific analytical methods and procedures are described in the 
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Quality Assurance Project Plan (QAPP) contained in Appendix B of this SPH treatability study. Certain 
parameters, such as pH, dissolved oxygen, temperature, and conductance, will be measured in the field 
using appropriate field instruments such as field test kits and in-line flow cells. 

Waste characterization sampling will be conducted during the installation and operation of the SPH 
system. Waste characterization requirements are discussed in detail in the Waste Management Plan 
(WMP), Appendix D. 

6.2.6 Sampling Schedule 

Two soil sampling events are planned during the treatability study. One sampling event will precede 
the installation of the SPH system to establish baseline conditions. The second soil sampling event will 
occur within two weeks after the heating phase of the treatability study is complete. 

Four groundwater sampling events are planned during the treatability study. The first sampling event 
will establish baseline conditions prior to SPH operation. The second groundwater sampling event will 
occur when SPH operations are about 80% complete (near calendar day 104). The third groundwater 
sampling event will occur when SPH operations are about 90% complete (near calendar day 117) and will 
help to determine when to end the SPH operation. The fourth groundwater sampling event will occur 
within one week after the heating phase of the treatability study is complete. Actual scheduling for the 
two interim groundwater sampling events will be based upon best estimates of progress of the system in 
removing contaminants from the subsurface. 

7. DATA MANAGEMENT PLAN 

This Data Management Plan describes the data management procedures to be implemented for the SPH 
treatability study at PGDP. 

The data management program for the treatability study manages the life cycle of environmental 
measurements data from the planning of data for characterization and remediation decisions, through the 
collection, review, and actual usage of the data for decision-makmg purposes to the long-term storage of 
data. The environmental measurements data management process contains the following major activities: 
sampling and analysis planning, field preparation, field data collection, data review, data assessment, and data 
consolidation and use. The procedures for these activities are described in detail in Sects. 7.2 through 7.1 1. 
Sect. 7.1 lists roles and responsibilities of the persons involved in data management. Sect. 7.12 provides a 
discussion of Paducah Project Environmental Measurements System (PEMS), and Sect. 7.13 provides 
requirements for records management and document control. 

7.1 PROJECT ROLES 

The major roles of the persons involved in data and records management are summarized in the 
following text. One person may hold more than one role or responsibility. The roles are held primarily by 
DOE, DOE’S Management and Integration (M&I) Contractor, and the M&I Contractor’s Remedial Action 
Assessment Subcontractor (RAAS). 
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7.1.1 Data Management Team 

The Data Management Team is composed of a Project Data Coordinator and data management 
specialists, as necessary, to support the treatability study. The Project Data Coordinator will ensure that 
the requirements of the Data Management Plan are met. The Project Data Coordinator will be responsible 
for managing the site characterization and performance data for this project. This management activity 
will include accumulation, control, validation, and storage of site characterization and performance data 
as part of the project. The Project Data Coordinator also will assist the quality assurance (QA) staff in the 
review of laboratory procedures. He or she will ensure that all data are entered into Paducah PEMS including 
chain-o f-custody information, field measurements and data, laboratory data, and results of QC checks. 

The Project Records Coordinator will be responsible for the project records. His or her duties will 
include all activities relating to identification, acquisition, classification, indexing, and storage of project 
records related to field activities. The project records include data documentation materials, plan and 
procedures, and all project file requirements. 

7.1.2 M&I Contractor Data Manager 

The M&I Contractor Data Manager will interface with the Project Data Coordinator to oversee Paducah 
PEMS use and to ensure that data deliverables meet M&I Contractor standards. The M&I Contractor Data 
Manager will enter information related to the fixed-base laboratory data packages and the tracking 
associated with the samples, once the samples have been shipped from the laboratory and the RAAS 
Contractor’s Sample Coordinator has verified receipt of samples. The fixed-base laboratory electronic 
data deliverables (EDDs) and the field measurement data will be loaded into Paducah PEMS by the 
RAAS Contractor. The RAAS Contractor is responsible for data verification, validation and assessment, 
and for preparing the data for transfer from Paducah PEMS to the Paducah Oak Ridge Environmental 
Information System (OREIS). The M&I Contractor Data Manager is responsible for transferring the data 
from the ready-to-load files supplied by the RAAS Contractor to the Paducah OREIS database. 

7.1.3 M&I Contractor Sample Manager 

The M&I Contractor Sample Manager will develop the statement of work (SOW) to be performed by 
an analytical laboratory in the form of a project-specific laboratory SOW. Analytical methods, detection 
limits, minimum detectable activities, laboratory QC requirements, and deliverable requirements will be 
specified in this SOW. The M&I Contractor Sample Manager will provide the RAAS Contractor with a 
matrix template. The RAAS Project Chemist will determine the sampling requirements and submit the 
completed and approved sampling matrix to the M&I Contractor Sample Manager to assist in developing 
the laboratory SOW. The M&I Contractor Sample Manager will receive EDDs, perform contractual 
screenings, and distnbute data packages. The M&I Contractor Sample Manager will interact with the Project 
Data Coordinator to ensure that hard-copy and electronic-deliverable formats are properly specified and 
will interface with the contract laboratory to ensure that the requirements are understood and met. 

7.1.4 Data Validators 

The RAAS Project Chemist will assign independent data validators who will ensure that analytical 
data are based on procedure number TP-DM-300-7. Data validation problems will be identified and 
appropriately resolved. 
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7.1.5 M&I Contractor Document Center Manager 

The Document Center Manager will be responsible for the long-term storage of project records. He or 
she will interface with the Project Records Coordinator to ensure that document and records transmittals 
meet the M&I Contractor’s standards and fulfill the requirements of the CERCLA Administrative Record. 

7.2 EXISTING DATA 

Background data, including geologic and hydrogeologic data, used to select the location and to 
support the design of the treatability study were obtained from the WAG 6 RI (DOE 1999). Existing data 
for this project are stored in Paducah OREIS. 

7.3 PROJECT ENVIRONMENTAL DATA COLLECTION 

This TSWP identifies the tasks for project environmental data collection, including sampling and 
analysis planning, QA, waste management, health and safety, and data management planning. A laboratory 
SOW will be developed with the DOE-Oak Ridge Sample Management Office following regulatory 
approval of this TSWP. 

7.4 FIELD ACTIVITY PREPARATION 

Field preparation activities are performed to ready the site for field sampling operations. The data 
management tasks involved in field preparation include identifying all sampling locations and preparing 
descriptions of these stations, developing summaries of all the samples and analyses to be conducted at 
each sampling location, developing field forms for capturing field data, coordinating sample shipment/ 
delivery with off-site laboratories, and coordinating screening analyses with PGDP laboratories. These 
activities will be conducted by the RAAS Contractor Sample Coordinator working with the M&I 
Contractor’s Sample Manager. 

The RAAS Field Manager and RAAS Data Management Team will coordinate data management 
activities with field sampling activities according to procedure RAAS-006, “Data Management Coordination.” 

The RAAS Field Manager will review field forms for the collection of lithology, well construction, 
well purge/development, and groundwater sampling information for completeness. The field forms also 
will specify the appropriate type of information for each field. Copies of field forms will be sequentially 
numbered, and the number will be tracked in the field logbooks. 

7.5 FIELD DATA COLLECTION 

Paducah PEMS will be used to identify, track, and monitor each sample and associated data from 
point of collection through final data reporting. The tracking system for the treatability study will include 
field logbooks, field forms, chain-of-custody records, and hard copy data packages as well as EDDs. 

Data management requirements for field logbooks and field forms specify that (1) sampling 
documentation must be controlled from preparation and initiation to completion, (2) all sampling 
documents generated must be maintained in a project file, and (3) modifications to planned activities and 
deviations from procedures shall be recorded. Field data documentation shall be maintained according to 
satellite document management center requirements outlined in RAAS-002, “Paducah Records Management.” 
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The comprehensive sampling list developed by the Field Manager and Sample Coordinator is used as 
the basis for finalizing the sample containers to be used for sample collection; ordering sufficient amount 
of containers, preservatives, and other supplies; and verifying the numbers of samples presented in the 
laboratory statements of work. Before the start of field sampling, the Sample Coordinator will specify the 
contents of sample kits, which will include sample containers, labels, preservatives, chain-of-custody 
records, and instructions for collecting samples. Samples labels will be completed according to procedures 
stated in this TSWP. 

7.6 FIELD DATA 

Field measurements will be recorded on appropriate field forms. These forms will be QC-checked 
against the field logbooks, and the data will be manually entered into Paducah PEMS using procedure 
TP-DM-300-2. Field gas chromatography results will be produced by the gas chromatography computer, 
and the data will be QC checked and then manually entered into Paducah PEMS. A QC check of this data 
entry will be made, which involves comparing printouts of the data in Paducah PEMS to the original field 
form or instrument printout if the field laboratory is not capable of producing an EDD. 

7.7 SAMPLE ANALYSIS 

Before the start of field sampling, the RAAS Field Manager and Sample Coordinator will coordinate 
the delivery of samples and the receipt of results with the M&I Contractor Sample Manager who, in turn, 
will coordinate with the contract laboratories. The RAAS Contractor’s Sample Coordinator and the M&I 
Contractor Sample Manager will present a general sampling schedule to the off-site laboratories. The Sample 
Coordinator also will coordinate the receipt of sampling coolers and containers with the laboratories and 
determine any requirements for laboratory permission to ship. The M&I Contractor Sample Manager will 
ensure that hard-copy deliverables and EDDs fiom the laboratories contain the appropriate information and 
are in the correct formats. 

7.8 LABORATORY ANALYTICAL DATA 

All data packages and EDDs received from the laboratory will be tracked, reviewed, and maintained 
in a secure environment. Paducah PEMS and/or Paducah OREIS will be used for tracking all data. The 
primary individual responsible for these tasks will be the M&I Contractor Sample Manager. The 
following information will be tracked: sample delivery group number, date received, number of samples, 
sample analyses, receipt of EDD, and comments. The M&I Contractor Sample Manager will compare the 
contents of the data package with the chain-of-custody form and will identify discrepancies. Discrepancies 
will be reported immediately to the laboratory and the data validators. Copies of the Form 1’s from the 
data package will be distributed to the Project Chemist. 

To evaluate the quality of laboratory EDDs, the EDDs for the first four data packages from each 
laboratory will be 100% QC-checked against the hard copy. The results and qualifier information from 
the EDD (presented in Form I format) will be checked, as will the format of all fields provided. The 
Project Data Coordinator will report immediately any discrepancies to the M&I Contractor Sample 
Manager so that the EDDs can be corrected and new EDDs issued. After QC of the first four packages, 
approximately one out of every ten EDDs will be checked to verify that the laboratory is continuing to 
provide adequate deliverables. 

504879 
00- 1 97(d0~)/083 1 0 1 20 



7.9 GEOGRAPHIC INFORMATION SYSTEM COVERAGE 

The Paducah Geographic Information System network will be used for preparing maps used in data 
analysis and data reporting. Coverage anticipated for use during the project is as follows: 

stations (station coordinates will be downloaded from Paducah OREIS), 
facilities, 
solid waste management unit boundaries, 
groundwater plume contours, 
plant roads, 
plant fences, 
streams, 
utilities, and 
topographic contours. 

No additional coverage is anticipated to be created during this project. Additional stations will, 
however, be added to Paducah OREIS. 

7.10 DATA ASSESSMENT 

Data assessment will be conducted and documented according to procedure RAAS-005. The data 
review process determines whether a set of environmental data satisfies the data requirements defined in 
the project scoping phase. This process involves the integration and evaluation of all information associated 
with a result. Data review consists of an evaluation of the following: data authenticity; data integrity; data 
usability; outliers; and precision, accuracy, representativeness, completeness, and comparability parameters. 

7.1 1 VERIFICATION AND VALIDATION OF DATA 

The Project Data Coordinator is responsible for ensuring that data verification occurs as outlined in 
RAAS-005. Data verification processes for laboratory data will be implemented for both hard copy data and 
EDDs. Additional requirements for data verification and validation are included in the QAPP, which is 
located in Appendix B of this TSWP. The data packages will be reviewed to ensure that all samples 
received the analyses requested. Discrepancies will be reported to the laboratory and the data validators. 
Electronic data verification of the EDDs will be performed as data are loaded into Paducah PEMS. The hard 
copy will be checked to ensure that missing fractions indeed were analyzed for, and the fractions missing 
from the EDD will be requested from the laboratory. Integrity checks in Paducah PEMS also will review 
the list of compounds generated by the laboratory to ensure that data for all requested analytes have been 
provided. Discrepancies will be reported to the laboratory and data validators. 

The RAAS Project Chemist is responsible for ensuring that data are validated according to data 
management procedure TP-DM-300-7. The Project Chemist will assign independent data validators. Upon 
receipt of validated Form I’s, the validated packages will be tracked. Validated results will be manually 
entered into Paducah PEMS. These results may include data validation qualifiers, subqualifiers (i.e., codes 
indicating the reason for validation), and changes to results or detection limits. A QC check will be made 
of the electronic data against the hard copy, validated, Form 1’s. In addition to verifying the validation 
changes, the QC check will verify the dates samples were received and analyzed, sample identification 
number, laboratory identification number, matrix, results, units, Chemical Abstract Service number, and 
radiological counting error (if applicable). This QC check will provide assurance that the laboratory data 
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in the field electronic data management system are accurate. Form I is considered to be the accurate 
record. If the EDD does not match Form I, either the laboratory will be required to resubmit the EDD, or 
manual changes will be made to the data in Paducah PEMS. 

7.12 DATA CONSOLIDATION, ANALYSIS, AND USE 

The data consolidation process consists of the activities necessary to prepare the evaluated data for 
the users. The main users for the treatability study are the project team, which uses the data to develop 
project data reports, including the treatability study report. The M&I Contractor will store the data in 
Paducah OREIS database for future use. 

Project reports include reports of the status of the sampling event, reports of data compared to 
various criteria such as reports of all data above detection limits (“hits reports”) or data above preliminary 
remedial goals, and reports of the complete set of data. Data analysis will be documented in sufficient 
detail to allow re-creation of the analysis. Project reports, as defined previously, may be generated from 
Paducah PEMS. All official data reporting, as may be contained within the treatability study report or in 
other reports to outside agencies, must be generated from data stored in Paducah OREIS. 

7.13 DATA MANAGEMENT SYSTEM REQUIREMENTS 

Paducah PEMS will be used for the treatability study to manage field-generated data; import 
laboratory-generated data; update field and laboratory data based on data verification and validation; 
report data; and transfer data to Paducah OREIS. Requirements for addressing the day-to-day operations 
of Paducah PEMS include backups, security, and interfacing with the M&I Contractor Data and Sample 
Managers. System backups will be performed daily by the M&I Contractor Network Administrator. 

Security of Paducah PEMS and of data generated during the treatability study data management 
effort is essential for the success of the project. The security precautions and procedures implemented by 
the Data Management Team will be designed to minimize the vulnerability of the data to unauthorized 
access or corruption. Only members of the Data Management Team will have access to Paducah PEMS, 
the hard-copy data files, and the diskettes and tape backups. 

7.14 RECORDS MANAGEMENT AND DOCUMENT CONTROL 

All field logbooks, site logbooks, diskette logs, chain-of-custody forms, data packages with associated 
QNQC information, validation forms, and any field forms will be assigned document control numbers 
and maintained according to the requirement for a satellite document management center defined in 
RAAS-002, “Paducah Records Management.” 

Duplicates of all field records will be maintained until the completion of the project. The Field 
Technical Manager will copy all logbooks and field documentation weekly. The copies will be forwarded 
to the project files. The project file will be considered the Record Copy and, as such, will be stored in 1- 
hour-rated, fire-resistant, locked file cabinets. All electronic versions also will be stored in the project file; 
back-up copies will be maintained by the originator or the original recipient of the diskette. 

All records will be assigned a document number that will be consistent and recognized by the PGDP 
Document Management Center. The procedure for records management is RAAS-002, “Paducah Records 
Management. ” 
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Upon completion of the project, the Project Records Coordinator will forward all original logbooks, 
field documentation, project deliverables, and Paducah PEMS to the PGDP Document Management 
Center. These project records will become part of the Administrative Record for the GWOU. The project 
files will be submitted in standard records storage boxes, measuring 40 x 32 x 25 cm (1 6 x 13 x 10 in.). 
Each box will contain an index of the contents and “PGDP Environmental Management and Enrichment 
Facilities Records Transmittal List” (CP-20445) and will be accompanied by a completed Material 
Transfer Form (CP-20443) with a cover letter to the attention of the M&I Contractor’s Records Manager. 
All environmental data will be archived by the Project Data Coordinator or designee in accordance with 
procedure “Archival of Environmental Data within the ER Program” (RAAS-004). 

8. DATA ANALYSIS AND INTERPRETATION 

The results of the treatability study for SPH will be based upon analysis and interpretation of 
measurements of several media and properties. In overview, the data must be sufficient to assess the following: 

key operating parameters, 
zone of influence, 
thermal performance, 
treatment performance, and 
cost effectiveness. 

To reach these goals, the data must be taken from pre-test and post-test measurements, as well as 
from measurements derived during the active operation of the SPH test cell. 

8.1 SOURCES OF DATA 

The data to be used in the evaluation of this treatability study will come from several different sources. 
Background data used to select the location of the SPH test cell, as well as geologic and hydrogeologic 
data to support the design, have been obtained chiefly from the WAG 6 RI (DOE 1999) and the FS for the 
GWOU (DOE 200 la). Temporary borings installed during the WAG 6 RI (DOE 1999) and the DNAPL 
zone conceptual model for the southeast C-400 block, in the FS for the GWOU (DOE 2001a), provide the 
basis for selecting the location of the SPH test cell. Appendix E of this TSWP, taken from the FS for the 
GWOU (DOE 2001a), presents the available data and documents the assumptions of the DNAPL zone 
conceptual site model. 

Baseline and assessment characterization of the soil and groundwater contamination within the 
treatability study cell will be required to assess the treatment performance. Operations data are necessary, 
as well, for an assessment of the system performance. Measurements of properties of the area soil and 
groundwater will support the evaluation of the zone of influence and thermal performance for the SPH 
test cell. 

Both field measurements and laboratory analyses will be crucial to the assessment of the treatability 
study. Issues related to data management and data quality are discussed in Sect. 6,  Sampling and Analysis, 
and Sect. 7, Data Management. The following sections describe the types of data required to assess each 
of the major performance criteria and how the data will be used in this study. Table 8.1 summarizes key 
analyses for the SPH treatability study. 
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Table 8.1. Key measurements during the Treatability Study 

Type of Timing of 
Medium Property Measurement Measurement Assessment 

Soil UCRS contaminant level Laboratory Pre-Study and Post-Study TCE removal efficiency 
UCRS moisture 
UCRS and RGA 
temperature 
McNairy contaminant 
level 

Water RGA contaminant level 

Air Vacuum 
Vapor Contaminant level 

Volume 
Condensate Contaminant level 

Volume 
Electricity Power 

Laboratory 
Field 

Field 
Laboratory 
Laboratory 

Field 
Laboratory 
Field 
Laboratory 
Field 
Field 

Pre-Study and Post-Study 
Operations 

Baseline 

Pre-Study, Operations, and 

Operations 
Operations 
Operations 
Operations 
Operations 
Operations 

P 0 s t - Study 

Mass of steam generated 
Heating efficiency 
Phase of TCE and water 
Presence of DNAPL 

TCE removal efficiency 

VR zone of influence 
TCE removal efficiency 
Removal rate 
TCE removal efficiency 
Heating efficiency 
Applied energy 

Resistance Field Operations Soil electrical resistance 

8.2 BASELINE AND ASSESSMENT SAMPLING 

Documentation of baseline soil and water contamination levels within the treatability study test cell 
is crucial to the assessment of treatment performance. Previous investigations have shown that conventional 
soil sampling and analysis techniques, with minor modification, are sufficient to characterize the residual 
DNAPL saturation within the UCRS. However, the collection of meaningful water samples, even from the 
more permeable, water-saturated zones of the UCRS, remains problematic. Thus, contaminant levels in 
soil samples will be the primary measure of treatment performance in both the vadose zone and saturated 
UCRS. Contaminant levels will be measured by standard laboratory methods. This analysis will not be 
relied upon to determine the physical state of TCE (i.e., dissolved, sorbed as ganglia, or free product). 
Adjacent pre-test and post-test samples from the SPH test cell and adjacent soils will be used as an 
empirical assessment of the efficiency of contaminant removal. 

In addition to analyses of contaminant levels, baseline and assessment samples of UCRS soils will be 
tested for soil moisture. A plot of the percent contaminant removal versus weight percent moisture 
removed for all adjacent UCRS soil sample pairs will be used as an assessment of TCE removal as a 
function of steam creation within the UCRS. 

Conversely, the coarse textured RGA sediments previously have not yielded adequate soil samples 
for analysis to support a meaningful assessment of DNAPL saturation. Although dissolved contaminant 
levels are only an indirect measure of DNAPL saturation, groundwater samples remain a more reliable 
indicator of DNAPL levels in the RGA than do soil samples. To support baseline and assessment 
sampling of the treatability study, as well as the assessment of the progress of the study, groundwater 
samples will be collected from monitoring wells installed within the treatability study cell. 

While both soil and groundwater analyses yield quantitative data, both media samples are discrete 
volumes that, at best, can only approximate the in-place conditions. The primary means of analyzing the 
data will be comparison of the percent contaminant removal in adjacent samples. Bar graphs will be a 
primary means of visualizing the data. 
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8.3 OPERATIONS MONITORING 

Several parameters will be measured during the operation of the SPH system to support an 
assessment of the effects of heating on selected properties of soil, groundwater, and DNAPL. Records of 
applied power and mass of contaminants and water removed are key to the assessment of performance. 
Measurements of condensate volume, applied/derived vacuum, and temperature can be used to assess the 
changing properties of the soil, groundwater, and DNAPL. 

Plots of applied power versus time-both as power use, in kilowatts, and cumulative energy applied 
to the soil, as kilowatt-hours-will be used to show trends during the operation period. These trends will 
be compared to changes in the mass removal rate, graphed as pounds of contaminant versus time, to 
monitor the performance of the treatability study. The trends of these parameters over time will be a key 
measure of the completion of the SPH test cell operation. Moreover, upon completion of operation, the 
cumulative energy applied to the soil will be a component of the assessment of the cost of the technology 
per volume of soil treated. 

The primary means to assess the thermal performance of the treatability study will be a plot of 
temperature versus time, evaluated at the following: (1) discrete locations, (2) through the depth of the 
test cell, and (3) along a radius extending from the center of the test cell to outside the treated zone. These 
data will provide not only a measure of the thermal properties of the soil, groundwater, and DNAPL 
media within the test cell, but also will define the extent of the treated zone and monitor for key 
occurrences, such as the initiation of boiling of DNAPL and groundwater. The volume of soil heated 
above the boiling point of the DNAPL and groundwater will define the volume of treated soil for a 
comparison against the cost of the treatability study. 

The definition of the developing extent of the heated volume can be compared to a plot of average 
phase resistance of the electrodes to qualitatively assess the effects of heating on the electrical resistance 
of the soil. The treatability study will measure the combined flow of steam and condensate from the test 
cell and the pressure drop over which the flow occurs. By plotting the resultant of dividing flow by 
pressure versus time, the trends are a qualitative assessment of the change in permeability of the soils. 

The cost effectiveness of the SPH technology can be calculated several different ways. The method 
easiest to document is the total cost of the project divided by the volume or weight of contaminants 
recovered, to get a cost-per-unit volume or unit weight. However, if a comparison between the reduction of 
contaminants in the subsurface and the amount of contaminants recovered suggests that some contaminants 
were destroyed in place, a better value would be the total costs divided by the total reduction in 
Contaminants. Some of the cost numbers for a TS are higher per unit volume treated than for a full-scale 
implementation because of economy-of-scale issues. Due to the complicated factors, the cost-effectiveness 
analysis will start with the simplest calculation, then develop numbers to account for those variations. 

9. HEALTH AND SAFETY 

An Environmental, Safety, and Health Plan (ES&HP) is located in Appendix C. It establishes the 
specific applicable standards and practices to be used during execution of the treatability study to protect 
the safety and health of workers, the public, and the environment. The ES&HP incorporates directly, or by 
reference, federal and state standards, pertinent consensus standards, and applicable contract requirements. 
The ES&HP will be implemented in accordance with 29 CFR 1926.65, Hazardous Waste Operations and 
Emergency Response. Additional specific health and safety requirements will be incorporated into the 
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ES&HP for the various field activities that comprise the treatability study through completion of activity 
hazard analyses. 

The ES&HP will evolve as “lessons learned” are incorporated to continuously improve work processes 
while, maintaining focus on the functions and guiding principles of the Integrated Safety Management 
System and the zero-accident performance philosophy. The ES&HP will be completed and approved 
before commencing fieldwork. 

10. WASTE MANAGEMENT 

A project-specific WMP that addresses residuals that may be generated by this project is located in 
Appendix D. 

11. COMMUNITY RELATIONS 

Current stakeholders for the PGDP site, through the Citizens Advisory Board, are interested in 
reducing contaminant source areas that contribute to the groundwater contamination at PGDP. The SPH 
technology is capable of dramatically reducing the volume of TCE and any of its degradation products 
contributing to groundwater contamination. A formal presentation of this technology to the stakeholders 
is planned. The deployment of the SPH technology for the PGDP site was recommended to the 
stakeholders by the Innovative Technology Remediation Demonstration group. 

Treatability study information will be included in the appropriate stakeholder-related activities as 
described in the Community Relations Plan for the Environmental Management and Enrichment Facilities 
Program, Paducah Gaseous Diffusion Plant, Paducah, Kentucky (DOE 1998). These activities include 
distributing information bulletins, maintaining an information repository, and facilitating public meetings, 
including meetings for the Citizens Advisory Board. In addition, a project-specific fact sheet will be 
published and distributed, The fact sheet will focus on the treatability study and how it relates to the 
PGDP remediation strategy. 

12. REPORTING 

Following the completion of field work and data validation, the data will be evaluated and a report 
will be prepared to document fully the treatability study results and interpret the generated data. In 
particular, the report will focus on the performance of the SPH system and allow evaluation of the 
technology for groundwater plume remediation at the PGDP. The report will generally follow the format 
suggested in EPA’s Guide for Conducting Treatability Studies under CERCLA (EPA 1992). The 
suggested outline for the treatability study report is shown in Fig. 12.1. This TSWP will be provided to 
state and federal regulators as a secondary document pursuant to the FFA (EPA 1998). 
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1.1 Site description 

1.1.1 Site name and location 
1.1.2 History of operations 
1.1.3 Prior removal and remediation activities 

1. 2 Waste stream description 
1.2.1 Waste matrices 
1.2.2 Pollutants/chemicals 

1. 3 Treatment technology description 
1.3.1 Treatment process and scale 
1.3.2 Operating features 

1.4 Previous treatability studies at the site 

2. Conclusions and Recommendations 
2.1 Conclusions 
2.2 Recommendations 

3. Treatability Study Approach 
3.1 Test objectives and rationale 
3.2 Experimental design and procedures 
3.3 Equipment and materials 
3.4 Sampling and analysis 

3.4.1 Waste stream 
3.4.2 Treatment process 

3.5 Data management 
3.6 Deviations from the work plan 

4. Results and Discussion 
4.1 Data analysis and interpretation 

4.1.1 Analysis of waste stream characteristics 
4.1.2 Analysis of treatability study data 
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4.2 Quality assurance/quality control 
4.3 Costs/schedule for performing the treatability study 
4.4 Key contacts 

5.  References 

Appendices 
A. Data summaries 
B. Standard operating procedures 
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13. SCHEDULE 

Fig. 13.1 contains a schedule for the treatability study activities through completion of the operational 
phase of the field test. 

14. MANAGEMENT AND STAFFING 

This section presents the general management and staffing plan for the treatability study. The 
organization chart shown in Fig. 14.1 outlines the management structure that will be used for implementing 
the field-scale treatability study. Although not shown in this figure, the DOE Project Manager provides 
technical and management oversight. The DOE Project Manager also serves as the primary interface 
between the EPA and the Commonwealth of Kentucky. Key roles and their responsibilities for functions 
shown on the organizational chart are outlined in Table 14. I .  

15. REFERENCES 

DOE (U.S. Department of Energy) 1998. Community Relations Plan for  the Environmental Management 
and Enrichment Facilities Program, Paducah Gaseous Diffusion Plant, Paducah, Kentucky, 
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Table 14.1. Roles and responsibilities 

Role Responsibility 
DOE Project Manager Responsible for project oversight; will review and approve the TSWP, SPH 

design package, and CQCP; will participate in readiness reviews; 
responsible for communication with state and federal regulatory agencies. 

M&I Contractor Manager 

M&I Contractor STR 

M&I Subcontractor Program Manager 

M&I Subcontractor Field Operations 
Manager 

M&I Subcontractor Site 
Environmental, Safety, and Health 
Representative 

M&I Subcontractor QA Manager 

M&I Subcontractor Lower-Tier 
Subcontractors 

M&I Subcontractor Waste 
Management Coordinator 

M&I Subcontractor Sample 
Management Coordinator 

M&I Subcontractor Data Manager 

Responsible programmatically for technicaI, financial, and scheduling 
matters; will interface with DOE and regulators as appropriate. 

Responsible for management and integration of subcontractor 
implementation of this treatability study. 

Ensures overall quality of subcontractor’s projects under the general order 
contract; ensures project goals and objectives are met in a high-quality, 
timely manner; responsible for allocating resources throughout the project, 
communicating with M&I Contractor. 

Responsible for implementing the treatability study, including all plans and 
field activities conducted as part of the treatability study including 
monitoring the performance of construction, sampling, and waste 
management activities; serves as the technical lead and principle point of 
contact with the Program Manager and STR; tracks project budget and 
schedules and delegates specific responsibilities to project team members; 
responsible for preparing any field change orders. 

Ensures that health and safety procedures designed to protect personnel are 
maintained throughout the field effort for this project; ensures the 
implementation of an Integrated Safety Management System for all aspects 
of the treatability study implementation. 

Provides QA oversight and approval for the project; conducts audits and 
surveillances and approves any field changes that may impact the project 
quality. 

Responsible for providing the labor and expertise in implementing the 
field-scale treatability study. 

Ensures adherence to the WMP; documents and tracks field-related 
activities, including waste generation and handling, waste characterization 
sampling, waste transfer, and waste labeling. 

Responsible for coordinating sampling activities, including coordination 
with the M&I Contractor sample management office; ensures all QC 
sampling requirements are met, chain-of-custody forms are properly 
generated, and compliance with off-site shipping requirements is acheved. 

Responsible for managing data generated during the field-scale treatability 
study in accordance with the data management plan. 
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and act as backup VR points. Eleven of these borings within the zone of heating will be used to collect soil 
samples from the UCRS for characterization of pre-test contaminant levels. 

At the conclusion of heating, nine soil borings will be installed to assist in determining the residual 
contamination concentrations and technology pedonnance. These borings will be installed adjacent to 
selected piezometer borings in which baseline soil samples were collected. The soil samples will be 
collected from the same depths as the baseline samples and analyzed for the same analytes and parameters 
tested for in the baseline soil samples. 

1.2.1 Soil and Groundwater Sampling 

Both soil and groundwater samples will be collected as part of the baseline sampling effort after the 
start of fieldwork but before the soil heating operational phase of the project. Soil samples from the 
UCRS will be collected from 11 of the 15 vacuum monitoring piezometers k ing  drilled. Soil samples 
will be collected every 0.6 m (2 A) from ground surface to the top of the RGA, which is at a depth of 
approximately 17 m (56 Et) bgs. Up to 28 soil samples will be collected fiom each of the 11 borings. The 
soils will be analyzed for VOCs, radionuclides, metals, and soil moisture. Baseline soil temperature 
profiles will be developed by collecting data fkom thermocouples strapped to the outside of the groundwater 
monitoring wells and attached to the 11 vacum monito~g  piemmeters located within the zone of heating. 

In each boring that extends to the base of the RGA, a soil sample will be collected across the 
RGA/McNairy Formation contact, or within the uppermost McNairy Formation, to aid in determining the 
presence of pooled dense nonaqueous-phase liquid (DNAPL). Field analysis of these soil samples, based on 
reading of a photoionization detector @ID) and direct observations, will be used to assess the local presence 
of DNAPL pools at the top of the McNairy Fomation. This sample also will be submitted for laboratory 
analysis to quantify the TCE concentration. H a  significant thickness of pooled DNAPL is present at a soil 
boring site based on field observations, the boring will be terminated at the top of the McNairy Formation. 

Although soil samples can be collected from the RGA, the coarse texture of the gravel makes 
recovery of residual DNAPL difficult; therefore, groundwater samples will be used to indicate the 
magnitude of RGA soil contamination. Up to 28 groundwater samples will be collected fkom the multi- 
port groundwater monitoring wells, which will be screened at the base of the UCRS gravel, through the 
RGA, and in the first upper McNairy sand to the total depth of approximately 34 m (1 10 A). The specific 
intervals to be screened will be selected using the borehole geophysical log for boring 400-038. 
Groundwater will be analyzed for VOCs, radionuclides, metals, temperature, conductance, pH, Eh, 
dissolved oxygen, and major cations and anions. 

Additional groundwater sampling will be performed during the operational phase of the treatability 
study. One groundwater sampling event will occur when SPH operations are approximately 80% 
complete (near calendar day 104). A second groundwater sampling event will occur when SPH operations 
are about 90% complete (near calendar day 117) and will help determine when to end SPH operation. 
Actual scheduling for the two operational groundwater sampling events will be based upon best estimates 
of progress of the system in removing the contaminants fiom the subsurface. 

After the end of the soil heating operational period (before the soil and water has a chance to cool 
down), soil and groundwater samples will be collected again to evaluate the performance of the 
technology. Groundwater samples will be collected fkom the multi-port monitoring wells within one week 
after the heating phase of the treatability study is complete. Soil samples will be collected fiom nine 
borings drilled adjacent to the vacuum monitoring piezometers within two weeks of h e  completion of 
operational period. As with the baseline sampling, the soils will be analyzed for VOCs, radionuclides, 
metals, and soil moisture. Soil temperature profiles will be determined from the thermocouples on the 
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1. SAMPLING AND ANALYSIS PLAN 

This Sampling and Analysis Plan (SAP) presents the basic strategies and procedures that will apply 
to soil, groundwater, and operational parameter sampling conducted in support of the Six-Phase Heating 
(SPH) Treatability Study (TS). This TS will demonstrate the constructability and measure the effectiveness 
of a single, SPH electrode array designed to vaporize and recover volatile organic compounds (VOCs) in 
the vadose and saturated zones of the upper continental deposits, also referred to as the Upper Continental 
Recharge System (UCRS), and in the saturated gravels of the lower continental deposits, also known as 
the Regional Gravel Aquifer (RGA). The primary focus of the sampling strategy will be to collect 
sufficient data to determine the following: 

1. the effectiveness of SPH technology in reducing the concentration of VOCs in soils and 
groundwater, primarily trichloroethene (TCE); and 

2. operational parameters for use in designing a full-scale system if the technology is shown to be 
effective. 

1.1 LOCATION OF THE TREATABILITY STUDY 

The SPH TS will be conducted at the southeast comer of the C-400 Building, in what appears to be 
the primary source area for the Northwest Plume. Figure A.l shows the planned location for the TS test 
zone. This location was selected based on data collected during the Waste Area Group (WAG) 6 
Remedial Investigation (RI) conducted in 1997 (DOE 1999). 

1.2 SAMPLING STRATEGY 

This section discusses the general sampling strategy to be followed to evaluate the test objective and 
document the performance goals presented in Section 3. The overall sampling strategy for the TS will 
focus on the soils of the upper continental deposits, as well as UCRS and RGA groundwater. Analytes ol 
interest are the organic compounds TCE, 1 , 1 -dichloroethene (DCE), cis-lY2-DCE, truns-lY2-DCE, and 
vinyl chloride (also known as TCE and its degradation products), as well as benzene, carbon tetrachloride, 
and chloroform; radionuclides; metals; the geochemical parameters of pH, oxidation-reduction potential 
(Eh), conductance, dissolved oxygen, temperature, and soil moisture; and major anions and cations. 
Sampling for the TS will consist of three phases: preconstruction baseline sampling, operatti~~l sampling, 
and postconstruction effectiveness sampling. 

in Fig. A.2 a total of 35 borings are planned for the project. Four of the borings are for 
multi-level groundwater and soil temperature monitoring wells. One of the groundwater monitoring wells 
will be placed upgradient of the heating zone; two of these borings are within the heating zone; and one 
will be placed downgradient of the heating zone. When completed as a multi-level groundwater 
monitoring well, each well will have up to seven sampling ports, which will make each well equivalent to 
a multi-well cluster. The four wells together will result in up to 28 sampling points. 

Seven borings for electrode and vapor recovery (VR) well installation also are planned. Six of the 
borings are in a roughly hexagonal arrangement with the remaining boring in the center of the pattern. 
The electrodes installed in these borings will heat the soil, and the associated VR wells will recover the 
vapor created by the heat. There also are 15 vacuum monitoring piezometers that will measure the amount 
of vacuum applied to the subsurface by the VR system, provide steam vents at the UCRS/RGA interface, 
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groundwater monitoring wells and vacuum monitoring piezometers. Groundwater will be analyzed for VOCs, 
radionuclides, metals, temperature, conductance, pH, Eh, dissolved oxygen, and major cations and anions. 

1.2.2 Operational Sampling 

During the operation phase of the TS, several parameters will be measured to ensure optimum 
performance of the overall system and to determine the operating requirements and costs of the system. 
The 

0 

0 

0 

0 

0 

0 

and 

parameters to be measured include the following. 

Energy usage will be recorded at the SPH power control unit (PCU) electrical meter to determine 
overall system energy requirements. Energy usage also will be recorded at the individual electrodes. 
The use of discrete electrically conductive intervals placed through the UCRS and the RGA 
formations will allow the energy input to each of these regions to be determined. Using the energy 
input, the steam production from each formation will be determined. 

Contaminant recovery, measured as the mass or volume of TCE recovered or the mass or volume of 
treatment residuals produced, will be monitored to assess the effectiveness of the system and to determine 
costs for contaminant removal. The mass of TCE will be determined by integrating vapor concentration 
measurements. This calculation can be cross-checked using the vapor treatment waste stream. 

Steam extraction rates and volume of condensate collected will be measured using a totalizer to track 
the progress of subsurface boiling and of energy input into the subsurface. 

Vacuum readings at the VR wellheads and the vacuum monitoring piezometers will provide information 
on how effectively the VR system is pulling vapor from the subsurface and its area of influence. 

Readings from thermocouples on the multi-port groundwater monitoring well casings and from the 
thermowells in the vapor monitoring piezometers will provide data on the soil heating profile as it 
develops. 

The VOC adsorption efficiency of the granular activated carbons (GAC) vapor treatment system will 
be monitored. GAC usage will be totalized and a % VOC loading will be obtained from the vendor 
prior to regeneration. 

Water addition at the electrodes will be recorded and addition rates and volumes calculated. 

The operating parameters of the system components, the SPH PCU, the condenser, the VR unit, and 
the vapor treatment system will be monitored so that maintenance, repairs, and adjustments can be 
accomplished to ensure optimum performance. 

The recovery of contaminants from the subsurface will be evaluated by monitoring the extracted vapor 
condensed liquid phase streams for flow rates and VOC concentrations. From this data, estimates of 

the rate of VOC removal and of the total mass of VOCs removed can be made. During operation of the 
SPH and VR systems, monitoring of the influent to the vapor-phase treatment system will include, at a 
minimum, all of the following. 

Twice weekly measurements of vacuum, flow rate by pitot tube, and VOC concentrations: VOC 
concentrations will be determined using a flame ionization detector (FID) or PID during twice weekly 
sampling. Measurements will be made downstream of the condenser. 
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Weekly collection of Summa canister samples for detailed VOC constituent analysis: Summa canisters 
will be equipped to provide a 24-hour integrated sample. 

Monitoring at the discharge from the SPH condenser will include, at a minimum, totalizing condensate 
production and scheduled collection of condensate samples for laboratory analysis. 

The VOC adsorption efficiency of the vapor phase treatment system will be determined by measuring 
VOC concentrations at the inlet of the primary GAC vessel, at the inlet of the secondary GAC vessel, and 
at the discharge stack. During operation of the SPH and VR systems, minimum monitoring of the GAC 
vapor-phase treatment unit will include the following: 

Twice weekly measurements of total VOC concentrations at the locations described above using a 
PID or FID; and 

Weekly collection and analysis of Summa canister samples at the outlet of the unit for detailed VOC 
constituent analysis. 

1.2.3 Health and Safety Sampling 

During the boring and well installation phases and the treatment phase of the project a very small 
potential for exposure to TCE exists for site workers. While there is little potential for overexposure to 
TCE real-time monitoring with alarming instruments and personnel sampling will be used to document 
that exposure levels were maintained well below the 50 parts per million (ppm) for an 8-hour time- 
weighted average (TWA) permissible exposure limit. 

Site sampling for the potential exposure to TCE will be conducted for 2 days before any subsurface 
material is brought to the surface to establish baseline conditions at the work site. The sampling will be 
conducted following National Institute for Occupational Safety and Health method 1022 using sampling 
pumps and charcoal sorbent tubes. 

Monitoring of the worker breathing zone will be conducted using an alarming direct-reading PID. 
Readings will be taken continuously while subsurface material is being brought to the surface. The PID 
will be calibrated before each day of use with a standard calibration gas, typically 100 ppm isobutylene, 
and at the end of each day following the manufacturer’s operating instructions. These calibration readings 
and the field readings will be entered into a monitoring logbook. In addition, personnel sampling pumps 
will be used 10 days per month on personnel most likely to receive exposure. 

During heating operations, real-time monitoring of stack exhaust for TCE will be conducted using a 
fixed industrial PID monitor. This instrument will have an alarming capability and will be set to alarm at 
25 ppm. In addition, two area PID monitors will be set up to monitor the ambient air conditions. These 
monitors will be checked per the manufacturer’s instructions, and the TWA will be recorded daily. These 
PIDs also will be calibrated each day of use. Appendix C discusses all health and safety monitoring in 
greater detail. 

1.2.4 Waste Management Sampling 

The SAIC Waste Coordinator will be responsible for sampling the solid and liquid IDW as needed. 
During sampling, all appropriate health and safety concerns will be addressed. Sample materials from 
different containers will not be mixed, and only containers requiring further characterization will be 
sampled. Table A. 1 summarizes waste characterization requirements. The sampling procedures for waste 
characterization are described in detail in the Waste Management Plan (WMP) in Appendix D. 
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Table A.1. Summary of IDW sampling and analysis for the Six-Phase TS 

Sample 
Waste Stream Volume Requirements Solid Liquid Analytical Requirements 

SOLIDS 
Drill cuttings 

PPE and plastic 

Excess TS process media 

Misc. non-contaminated 
construction waste 

Decontamination sludge 

GAC 

LIQUIDS 
Monitoring well development 

Decontamination water 

QA/QC SAMPLES 
Field equipment blanks 

Trip blanks 

Field duplicates 

TOTAL 

(Drums) 
280 

(4 roll-offs) 

31 

11 

5 

2 

17 
20,000 Ibs 
containers 

(Gals) 
14,000 

1,900 

N/A 

N/A 

N/A 

“5 
(one 5-point 

composite sample 
per roll-off) 

None 

None 

None 

1 /drum 

2 composites 
per container 

1/1,200 gal 

1/1,200 gal 

1/20 samples 

4 

NA 

NA 

NA 

2 

34 

N/A 

N/A 

N/A 

N/A 

9 

178 

N/A 

NA 

NA 

NA 

N/A 

N/A 

121 
1 

2/ 
1 

7 

1 

15 

Exhibit “E” Tables 1.1, 1.2, and 
1.3 of the RAAS Contract. 

Based on associated drill 
cuttings analytical data 

Process knowledge 

Process knowledge 

Tables 1.2 and 1.3 of “Exhibit 
E” of the RAAS Contract 

Table 1.2 of Exhibit “E” of the 
RAAS Contract. 

12-Oil, grease, & 
polychlorinated biphenyls 
(PCBs) only. 
1-Table 1.4 of “Exhibit E” of the 
RAAS Contract 

2-Oil, grease, & PCBs only. 
1 -Table 1.4 of “Exhibit E” of the 
RAAS Contract 

Table 1.4 of “Exhibit E” of the 
RAAS Contract 

v o c s  

Same as original sample 

“If field radiological surveys dictate, drums of drill cuttings will be emptied into 20 yd3 roll-offs. Each roll-off will be sampled 
by collecting one 5-point composite sample from each roll-off for complete analysis. 

trip blank per shipment container with VOC sample material. 
‘One field duplicate for every 20 samples per waste matrix (i.e., solids and liquids). If debris waste were to be sampled, it 

would need a separate field duplicate than the one for solids because the collection method would differ. 

1.2.5 Analytical Requirements 

During the TS, a fixed-base laboratory contracted through the Sample Management Office will 
perform most analyses. Specific analytical methods and procedures are described in the Quality Assurance 
504910 
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Project Plan (QAPP) contained in Appendix B of the Treatability Study Work Plan for Six-Phase 
Heating, Groundwater Operable Unit, at the Paducah Gaseous Diffusion Plant, Paducah, Kentucky, 
DOE/OR/07-1889&D2 (DOE 2001 a). Certain parameters, such as pH, dissolved oxygen, temperature, 
and conductance, will be measured in the field using appropriate field instruments such as field test kits 
and in-line flow cells. The procedures covering these field measurements are listed in Table A.3. In 
addition, an on-line analyzer will be used to monitor VOC emissions from the system. Work guides for its 
operation will be developed as part of an operations and maintenance plan. 

Waste characterization sampling will be conducted during the installation and operation of the SPH 
system. Waste characterization requirements are discussed in detail in the WMP, Appendix D. 

1.2.6 Sampling Schedule 

Two soil sampling events are planned during the treatability study. One sampling event will precede 
the installation of the SPH system to establish baseline conditions. The second soil sampling event will 
occur within two weeks after the heating phase of the treatability study is complete. 

Four groundwater sampling events are planned during the treatability study. The first sampling event 
will establish baseline conditions prior to SPH operation. The second groundwater sampling event will 
occur when SPH operations are about 80% complete (near calendar day 104). The third groundwater 
sampling event will occur when SPH operations are about 90% complete (near calendar day 117) and will 
help to determine when to end SPH operation. The fourth groundwater sampling event will occur within 
one week after the heating phase of the treatability study is complete. Actual scheduling for the two 
interim groundwater sampling events will be based upon best estimates of progress of the system in 
removing contaminants from the subsurface. 

Sampling and monitoring of the operating system will be ongoing throughout the treatability study. 
Typical sampling and monitoring events, the number of points sampled or monitored per event, and the 
methods and schedules used are summarized in Table A.2. 

1.3 SAMPLING PROCEDURES 

All sampling at the Paducah Gaseous Diffusion Plant (PGDP) will be conducted in accordance with 
approved medium-specific procedures consistent with U.S. Environmental Protection Agency (EPA), 
Region I y  Standard Operating Procedures (EPA 1996). Any deviations from these procedures will be 
approved by PGDP Environmental Management Enrichment Facilities Program (EMEF) and documented 
on a Field Change Request form as detailed in the QAPP. Table A.3 provides a list of the procedures 
applicable to fieldwork that will provide procedural guidance for the SPH TS. 

The procedures addressing monitoring well installation and groundwater sampling will require 
project-specific changes or the development of operator aids to accommodate the installation and sampling 
of multi-port monitoring wells. 
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Table A.2. SPH system measurement and sampling schedule 

Measurement or sampling Minimum 
event Points Method frequency Measurement objective & reporting units 

(See "Notes" below) 
Vacuum: 

Vadose zone 
VR wellheads 
Steam vent heads 
Before condenser 
After condenser 
After VR blower 
After heat exchanger 

Condenser pump 

Subsurface -wells 
Subsurface -piezometers 
VR wellheads 
Condenser inlet 
After condenser 
After VR blower 
After heat exchanger 
After primary GAC 

Air & Vapor Flow: 
VR wellheads 
After condenser 
After dilution blower 

Condenser makeup 
Waste discharge 

VOC Sampling: 
VR wellheads 
After condenser 
After vapor treatment unit 

Pressure: 

Temperature: 

Water Flow: 

45 
14 
22 

1 
1 
1 
1 

1 

38 
15 
14 
1 
1 
1 
1 
1 

14 
1 
I 

1 
1 

14 
I 
1 

Digital manometer 
Vacuum gauge 
Vacuum gauge 
Vacuum gauge 
Vacuum gauge 
Digital manometer 
Digital manometer 

Pressure gauge 

Type T thermocouple 
Type T thermocouple 
Type T thermocouple 
Type T thermocouple 
Temperature gauge 
Temperature gauge 
Temperature gauge 
Temperature gauge 

Pitot Tube 
Pitot Tube 
Pitot Tube 

Calibrated flow meter 
Calibrated flow meter 

Tedlar or Summa 
FID and Summa 
FID and Summa 

Verify vadose zone vacuum - in. H20 
VR system performance - in. Hg 
General systems operations data - in. Hg 
General systems operations data - in. Hg 
VOC removal rates and totals - in. Hg 
General systems operations data - in. H2O 
General systems operations data - in. HzO 

System operations check - psi 

Track remediation performance - "C 
Track remediation performance - "C 
Track remediation performance - "C 
Track remediation performance - "C 
Systems operations check - "C 
Systems operations check - "C 
Systems operations check - "C 
Systems operations check - "C 

VR system performance - approximate scfm 
VOC removal rate - scfm 
Operations & treatment efficiency - scfm 

Volume of water used - gpm 
Volume of condensate - gpm 

VOC removal rate and totals - mg/L 
VOC removal rate and totals - mg/L 
Abatement system efficiency - mg/L 

Wastewater discharee 1 Y VOA vial 7 Wastewater VOC concentrations - mg/L 
Notes: 

1. Upon system startup, then weekly to ensure that baseline readings have not significantly changed. 
2. When sampling for VOC concentrations. 
3. When performing sampling for inlet VOC concentrations. 
4. When performing sampling for vapor treatment system efficiency. 
5. Continuous. 
6. No  VR wellhead samples are presently planned. 
7. Per the sampling schedule of the Wastewater Discharge Authorization. 
8. Weekly readings at various depths from the piezometer thermowells. 
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Table A.3. Field operations procedures 

Procedure No. Procedure Title 
FTP- 12 15 
RAAS-024 
FTP-650 
FTP-370 

RAAS-00 1 
RAAS-0 1 3 
MAS-027 
RAAS-026 
FTP-880 
FTP-95 5 
FTP-755 

RAAS-0 1 6 
RAAS-0 1 7 
MAS-008 
RAAS-007 
RAAS-002 
RAAS-005 
FTP-625 

FTP- 1200 
RAAS-006 
FTP-400 

RAAS-0 14 
FTP-405 

RAAS-0 10 
RAAS-011 

TP-DM-300-5 
TP-DM-300- 10 
TP-DM-300-13 

FTP-525 
RAAS-004 

TP-DM-300-2 

Use of Field Logbooks 
Lithologic Logging 
Labeling, Packaging, and Shipping of Environmental Field Samples 
Groundwater Sampling Procedures: Water Level Measurements 
Monitoring Well Purging and Groundwater Sampling 
Filter Pack and Screen Selection for Wells and Piezometers 
Monitoring Well Installation 
Monitoring Well Development 
Field Measurement Procedures: pH, Temperature, and Conductivity 
Field Measurement Procedures: Dissolved Oxygen 
Field Gas Chromatograph Headspace Screening for Volatile Organic Compounds 
Sampling of Containerized Wastes 
Opening Containerized Waste 
On-site Handling and Disposal of Waste Materials 
Identification and Management of Waste Not From A Radioactive Material Management Area 
Paducah Contractor Records Management Program 
Quality Assured Data 
Chain-of-Custody 
Field Quality Control 
Data Management Coordination 
Equipment Decontamination 
Off-site Decontamination Pad Operating Procedures 
Cleaning and Decontaminating Sample Containers and Sampling Equipment 
Environmental Radiological Screening 
Pumping Liquid Wastes into Tankers 
Receiving and Reviewing Data Packages 
Analytical Laboratory Interface 
Tracking Analytical Data 
Subsurface Soil Sampling 
Archival of Environmental Data Within the ER Program 
Data Entry 

TP-DM-300-7 Data Validation 

1.3.1 Monitoring Well Installation and Development 

Monitoring wells installed during implementation of the TS will be capable of monitoring up to 
seven discrete intervals within one well. All wells will be installed as single-cased stainless steel monitoring 
wells of sufficient diameter to accommodate the multi-port sampling system. Intervals to be screened will 
include one interval in the UCRS, five intervals in the RGA, and one interval in the underlying McNairy 
Formation. Specific intervals to be monitored will be selected using existing lithologic and geophysical 
logs from the WAG 6 RI. Design of the groundwater monitoring wells is included in the 90% Design 
Drawings and Technical Specijications Package for the Six-Phase Heating Treatability Study for the 
Paducah Gaseous Diffusion Plant, Paducah, Kentucky (SPH Design Package) (DOE 200 lb). 

Monitoring wells installed during the TS will be developed prior to installation of the multi-port 
sampling system. The wells will be developed in accordance with recommendations fi-om the sampling system 
manufacturer. Development criteria will be consistent with procedures. Groundwater quality will be monitored 
during development for the parameters of pH, conductance, and turbidity. Development will continue until 
(1) pH stabilizes to within 0.10 units, (2) conductance stabilizes to within 10 ymhoslcm, and (3) turbidity is 
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below 10 nephelometnc turbidity units (NTU). Any modifications to acceptable criteria will be approved 
by the Management and Integration (M&I) Contractor Subcontract Technical Representative (STR). 

After installation of the monitoring wells, a dedicated multi-port sampling system will be installed in 
each well in accordance with manufacturer specifications. 

Wells and borings, not required for effectiveness monitoring, could be potential pathways for the 
vertical migration of contaminants. To minimize the impact of these penetrations, all boreholes will be 
properly abandoned including grouting the boreholes with high solids bentonite grout. No uncased boring 
will be allowed to stand open overnight. 

1.3.2 Groundwater Sampling 

Groundwater sampling will be conducted in accordance with the following procedures: 

FTP-370, Groundwater Sampling Procedures: Water Level Measurements; 
RAAS-00 1, Monitoring Well Purging and Groundwater Sampling; 
FTP-880, Field Measurement Procedures: pH, Temperature, and Conductivity; and 
FTP-955, Field Measurement Procedures: Dissolved Oxygen. 

A procedure or work guide for field measurement of Eh will be developed using manufacturer’s 
recommendations for the equipment to be used in the field. 

1.3.3 Subsurface Soil Sampling 

Subsurface soil sampling will be conducted in accordance with procedure FTP-525, “Subsurface Soil 
Sampling.” Soils will be collected continuously and samples collected for analysis from each 2-ft core. 
The baseline sampling will be done as the borings for 11 of the 15 vacuum monitoring piezometers are 
drilled. Post-test characterization samples will be collected from selected adjacent borings. 

1.4 DOCUMENTATION 

Field documentation will be maintained throughout the TS in various types of documents and formats, 
including the site logbook, field logbooks, sample labels, sample tags, chain-of-custody forms, and field 
data sheets. The following general guidelines for maintaining field documentation will be implemented. 

All entries will be written clearly and legibly using indelible black ink. 

Corrections will be made by striking through the error with a single line that does not obliterate the 
original entry. Corrections will be dated and initialed. 

Dates and times will be recorded using the format “mm/dd/yy” for the date and the military (i.e., 24-hr) 
clock to record the time. 

Zeroes will be recorded with a slash (/) to distinguish them from letter 0 s .  

Blank lines are prohibited. Information should be recorded on each line or the line should be lined 
out, initialed, and dated. 
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No documents will be altered, destroyed, or discarded even if they are illegible or contain inaccuracies 
that require correction. 

All information blocks on field data forms will be completed or a line will be drawn through the 
unused section, and the area will be dated and initialed. 

Unused logbook pages will be marked with a diagonal line drawn from corner to corner and a 
signature and date must be placed on the line. 

Security of all logbooks will be maintained by storing them in a secured (e.g., locked) area when not 
in use. 

Photocopies of all logbooks, field data sheets, and chain-of-custody forms will be made weekly and 
sent to the project file. 

1.4.1 Field Logbooks 

Field team personnel will use bound field logbooks with sequentially numbered pages for the 
maintenance of field records and for documenting any information pertinent to field activities. Field 
forms will be numbered sequentially or otherwise controlled. A designated field team member will record 
sampling activities and information from site exploration and observation in the field logbook. Field 
documentation will conform to procedure FTP- 12 15, “Use of Field Logbooks.” 

An integral component of Quality Assurance/Quality Control (QNQC) for the field activities will be 
the maintenance of accurate and complete field records and the collection of appropriate field data forms. 
The primary purpose of the logbook is to document each day’s field activities; the personnel on each 
sampling team; and any administrative occurrences, conditions, or activities that may have affected the 
fieldwork or data quality of any environmental samples for any given day. The level of detail of the 
information recorded in the field logbook should be such that an accurate reconstruction of the field 
events can be created from the logbook. The project name, logbook number, client, contract number, task 
number, document control number, activity or site name, and the start and finish dates will be listed on 
each logbook’s front cover. Important phone numbers, radio call numbers, emergency contacts, and a 
return address should be recorded on the inside of the front cover. 

1.4.2 Sample Log Sheets 

A sample log sheet will contain sample-specific information for each field sample collected, including 
field QC samples. Generally, sample log sheets will be preprinted from the data management system with 
the following information: 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

name of sampler; 
project name and number; 
sample identification number; 
sampling location, station code, and description; 
sample medium or media; 
sample collection date; 
sample collection device; 
sample visual description; 
collection procedure; 
sample type; 
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analysis; and 
0 preservative. 

In addition, all specific analytical requests will be preprinted from the data management system and 
will include the following for each analytical request: 

anal y si s/method, 
container type, 
number of containers, 
container volume, 

0 preservative (typeholume), and 
destination laboratory. 

During sample collection, a field team member will record the remaining required information and 
will sign and date each sample log sheet. The following information will be recorded for each sample: 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

whether or not the sample was collected; 

the date and time of collection; 

the name of the collector; 

collection methods andor procedures; 

all required field measurements and measurement units; 

instrumentation documentation, including the date of last calibration; 

adherence to or deviation from the procedure and the S A P ;  

weather conditions at the time of sample collection; 

activities in the area that could impact subsequent data evaluation; 

general field observations that could assist in subsequent data evaluation; 

lot number of the sample containers used during sample collection; 

sample documentation and transportation information, including unique chain-of-custody form number, 
air bill number, and container lot number; and 

all relevant and associated field QC samples (for each sample). 

If preprinted sample log sheets are not used, all information will be recorded manually. A member of 
the field sampling team (other than the recorder) will perform a QA review of each sample log sheet and 
document the review by signing and dating the log sheet. Notations of deviations will be initialed by the 
Field Task Manager (FTM) as part of hisher review of the logbook. 
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1.4.3 Field Data Sheets 

Field data sheets will be maintained, as appropriate, for the following types of data: 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

water level measurements, 
soil boring logs, 
monitoring well construction logs, 
sample log sheets, 
well development logs, 
well purging logs, 
groundwater sampling logs, 
chains of custody, 
instrument calibration logs, and 
temperature monitoring sheets. 

Data to be recorded will include such infomation as the location, sampling depth, sampling station, 
and applicable sample analysis to be conducted. Field-generated data forms will be prepared, if necessary, 
based on the appropriate requirements. The same information may be included in the field logbook or, if 
not, the field logbook should reference the field data sheet. 

1.4.4 Sample Identification, Numbering, and Labeling 

In addition to field logbooks and field data sheets, the sampling team will use labels to track sample 
holding times, ensure sample traceability, and initiate the chain-of-custody record for the environmental 
samples. A pressure-sensitive gummed label will be secured to each sample container at the time of 
collection, including duplicates and trip or field blanks, at or before the completion of collection of that 
sample. Sample labels will be waterproof or will be sealed to the sample container with clear acetate tape 
after all information has been written on the label. Generally, sample labels will be preprinted with 
information from the data management system and will contain the following infomation: 

station name, 
sample identification number, 
sample matrix, 

destination laboratory. 

sample type (grab or composite), 
type or types of analysis required, 
sample preservation (if required), and 

A field sampling team member will complete the remaining information during sample collection 
including these items: 

initials of sampler. 
date and time of collection, and 

The sample numbers will be recorded in the field logbook along with the time of collection and 
descriptive information previously discussed. 

The sample identification plan is outlined in the procedure FTP-650, “Labeling, Packaging, and 
Shipping of Environmental Field Samples.” 
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1.4.5 Sample Chain of Custody 

Chain-of-custody procedures will document sample possession from the time of collection, through 
all transfers of custody, to receipt at the laboratory and subsequent analysis. Chain-of-custody records will 
accompany each packaged lot of samples; the laboratory will not analyze samples that are not accompanied 
by a correctly prepared chain-of-custody record. A sample will be considered under custody if it is ( 1 )  in 
the possession of the sampling team, (2) in view of the sampling team, or (3) transferred to a secured 
(i.e., locked) location. 

Chain-of-custody records will follow the requirements as specified in the procedure FTP-625, 
“Chain-of-custody.” This form will be used to collect and track samples from collection until transfer to the 
laboratory. Copies of the signed COCs will be faxed or delivered to the Bechtel Jacobs Company LLC 
Sample Management Office within 3 days of sample delivery. 

The Sampling Team Leader is responsible for reviewing and ensuring the accuracy and completeness 
of the chain-of-custody form and for the custody of samples in the field until they have been properly 
transferred to the Sample Coordinator. He or she is responsible for sample custody until the samples are 
properly packaged, documented, and released to a courier or directly to the analytical laboratory. If 
samples are not immediately transported to the analytical laboratory, they will remain in the custody of 
the Sample Coordinator where they will be refrigerated and secured either by locking the refrigerator or 
by placing custody seals on the individual containers. 

Each chain-of-custody form will be identified by a unique number located in the upper-right comer, 
recorded on the sample log sheet at the time of sample collection. The laboratory chain-of-custody will be the 
“official” custody record for the samples. Each chain-of-custody form will contain the following information: 

the sample identification for each sample; 
collection data for each sample; 
number of containers of each sample; 
description of each sample (i.e., environmental matrixlfield QC type); 
analyses required for each sample; and 
blocks to be signed as custody is transferred from one individual to another. 

The airbill number will be recorded on the chain-of-custody form if applicable. The laboratory chain- 
of-custody form will be sealed in a resealable plastic bag and taped to the inside of the cooler lid if the 
samples are to be shipped off-site. A copy will be retained in the laboratory, and the original will be 
returned to the M&I Sample Manager with the completed data packages. 

.At each point of transfer, the individuals relinquishing and receiving custody of the samples will sign 
in the appropriate blocks and record the date and time of transfer. When the laboratory sample custodian 
receives the samples, he or she will document receipt of the samples, record the time and date of receipt, 
and note the condition of the samples (e.g., cooler temperature, whether the seals are intact) in the 
comments section. The laboratory then will forward appropriate information to the M&I Sample Manager. 
This infomation may include the following: 

a cover memo stating sample receipt date and any problems noted at the time of receipt; and 

a report showing the field sample identification number, the laboratory identification number, and 
the analyses scheduled by the laboratory for each sample. 
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1.4.6 Sample Shipment 

Aliquots of investigative samples will be screened by an on-site laboratory before shipment to an off- 
site laboratory. Results from the screening process will be recorded in Paducah PEMS and reviewed prior 
to preparation for sample shipment offsite. Sample containers will be placed in the shipping container and 
packed with ice and absorbent paclung for liquids or with bubble wrap packing for solids. The completed 
chain-of-custody form will be placed inside the shipping container unless otherwise noted. The container 
then will be sealed. In general, sample containers will be packed according to the following procedures. 

Glass sample containers will be wrapped in plastic insulating material to prevent contact with other 
sample containers or the inner walls of the container. 

Logbook entries, sample tags and labels, and chain-of-custody forms will be completed with sample 
data collection information and names of all persons handling the sample in the field before packaging. 

Samples, temperature blanks, and trip blanks will be placed in a thermally insulated cooler along 
with ice packed in resealable plastic bags. After the cooler is filled, the appropriate chain-of-custody 
form will be placed in the cooler in a resealable plastic bag attached to the inside of the cooler lid. 

Samples will be classified according to U S .  Department of Transportation (DOT) regulations 
pursuant to 49 CFR 173. All samples will be screened for radioactivity to ensure that DOT limits of 
2.0 nCi/ml of liquid waste and 2.0 nCi/g for solid waste are not exceeded. 

1.4.7 Field Planning Meeting 

A field-planning meeting will occur before work begins at the site so that all involved personnel will 
be informed of the requirements of the fieldwork associated with the project. Additional planning 
meetings will be held whenever new personnel join the field team or if the scope of work changes 
significantly. Each meeting will have a written agenda and attendees must sign an attendance sheet, which will 
be maintained onsite and in the project files. The following topics will be discussed at these meetings: 

project- and site-specific health and safety, 
objectives and scope of the fieldwork, 
equipment and training requirements, 
procedures, 
required QC measures, and 
documents covering on-site fieldwork. 

1.4.8 Readiness Checklist 

Before implementation of the field program, M&I personnel will review the work control documents 
to identify all field activities and materials required to complete the activities, including: 

0 task deliverables, 
required approvals and permits, 
personnel availability, 
training, 
field equipment, 
sampling equipment, 
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health and safety equipment. 
site facilities and equipment, and 

Before fieldwork begins, appropriate M&I EMEF personnel will concur that readiness has been achieved. 

1.5 DECONTAMINATION PROCEDURES 

Decontamination of all sampling equipment will be in accordance with procedure FTP-400, 
“Decontamination of Field Equipment.” Decontamination of drilling-related equipment will be conducted 
in accordance with procedure FTP-400, “Equipment Decontamination.” Decontamination of pumps, 
bladders, or other downhole sampling equipment such as Teflon@ tubing is per RAAS-0 15, “Decontamination 
of Sampling Containers and Sampling Devices.” 

Personal protective equipment, clothing, and decontamination procedures for the implementation of 
the Treatability Study Work Plan (TSWP) are addressed in the Environmental, Safety, and Health Plan 
(ES&HP) contained in Appendix C of the TSWP (DOE 2001a). 

1.6 WASTE MANAGEMENT PROCEDURES 

The following PGDP EMEF waste management procedures will be used during the implementation 
of the TSWP: 

RAAS-0 14, Off-site Decontamination Pad Operating Procedures; 
RAAS-011, Pumping Liquid Wastes into Tankers; 
RAAS-016, Sampling of Containerized Waste; and 
RAAS-0 1 7, Opening Containerized Waste. 

A detailed description of waste management procedures is presented in the project-specific WMP 
contained in Appendix D of the TSWP (DOE 2001a). 

1.7 PROCEDURES FOR SAMPLE ANALYSES 

All laboratories performing analyses for the TS will be DOE-regulated or be required to hold a 
current Nuclear Regulatory Commission or Agreement State License for handling radioactive materials. 
In addition, all laboratories will be audited and accepted by the DOE-Oak Ridge Sample Management 
Office before mobilization for fieldwork. 

When available and appropriate for the sample matrix, SW-846 methods will be used. When 
SW-846 methods are not available or not appropriate, other nationally recognized methods such as DOE, 
EPA, and American Society for Testing and Materials methods will be used. 

Radiological Analysis Procedures 

The following standardized procedure manuals are recommended references for radiological analysis: 

Prescribed Procedures for Measurement oj- Radioactivity in Drinking Water, EPA-60014-80-032 
(EPA 1980); 
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Test Methods for Evaluating Solid Waste, PhysicaUChemical Methods, SW-846 (EPA 1986); 

Eastern Environmental Radiation Facility, Radiochemistry Procedures Manual, EPA 5201 5-84-006, 
(EPA 1984); and 

Environmental Measurements Laboratory Procedures Manual, HASL-300 (DOE 1982). 

All groundwater samples will be analyzed for radionuclides. Analytical methods, method detection 
limits, sample container requirements, and sample preservation requirements for all environmental and 
waste characterization sampling required during this treatability study are addressed in the QAPP. 

1.8 SAMPLE LOCATION SURVEYING 

Surveying of sampling locations will be conducted upon completion of SPH installation activities. 
Where possible, permanent markers consisting of flagging or of wooden or metal stakes will be used to 
mark all boring locations. Brass markers will be incorporated as part of pad installation for all monitoring 
wells. However, a thorough description of each location will be made during field sampling activities and 
documented using field maps. This documentation will be used for the survey effort if permanent sampling 
location markers are disturbed or if permanent markers cannot be placed at the time of sampling. A 
member of the field sampling crew will accompany the survey crew to provide information regarding the 
location of sampling points. Each sample point will be surveyed for its horizontal and vertical location 
using the PGDP coordinate system for horizontal control. Additionally, State Plane Coordinates will be 
provided using the U.S. Coast and Geodetic Survey North American Datum of 1983. The datum for 
vertical control will be the U.S. Coast and Geodetic Survey North American Vertical Datum of 1988. 
Accuracy for this work will be that of a Class 1 First Order survey. Work will be performed by or under 
responsible charge of a Professional Land Surveyor Registered in the Commonwealth of Kentucky. All 
coordinates will be entered into Paducah PEMS and transferred with the stations ready-to-load file to 
Paducah OREIS. 

2. REFERENCES 

DOE 1999. Remedial Investigation Report for Waste Area Grouping 6 at the Paducah Gaseous Diffusion 
Plant, Paducah, Kentucky, DOE/OW07-1727&D2, U.S. Department of Energy, Paducah, KY, May. 

DOE 200 1 a. Treatability Study Work Plan for Six-Phase Heating, Groundwater Operable Unit, Paducah 
Gaseous Dffusion Plant, Paducah, Kentucky, DOElOW07-I 889&D2, August. 

DOE 200 1 b. 90% Design Drawings and Technical Specifications Package for  the Six-Phase Heating 
Treatability Study for the Paducah Gaseous Diffsion Plant, Paducah, Kentucky, DOElOW07- 
1921&Dl/Rl, U.S. Department of Energy, Paducah, KY, August. 
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APPENDIX B 

QUALITY ASSURANCE PROJECT PLAN 
FOR 

SIX-PHASE HEATING TREATABILITY STUDY WORK PLAN 
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10 CFR 830.120 LOCATOR PAGE 

The following 10 quality assurance (QA) elements are discussed in 10 CFR 830.120. This locator is 
a crosswalk between those 10 elements and the related sections of the governing QA documents for the 
Six-Phase Heating (SPH) Treatability Study (TS). 

10 CFR 830.120 Element 

1. Management 
(i) Program 

1. Management 
(ii) Personnel Training and Qualification 

1. Management 
(iii) Quality Improvement 

1. Management 
(iv) Documents and Records 

2. Performance 
(i) Work Processes 

2. Performance 
(ii) Design 

2. Performance 
(iii) Procurement 

2. Performance 
(iv) inspection and Acceptance Testing 

3. Assessment 
(i) Management Assessment 

3. Assessment 
(ii) Independent Assessment 

SPH Treatability Study Work Plan Project Reference 

Quality Assurance Project Plan for Paducah Remedial Action 
Assessment Subcontract (Section 2 )  

SPH Treatability Study QAPP (Section 10) and Quality Assurance 
Project Plan for Paducah Remedial Action Assessment Subcontract 
(Section 5 )  

SPH Treatability Study QAPP (Section 13) and Quality Assurance 
Project Plan for Paducah Remedial Action Assessment Subcontract 
(Section 4) 

SPH Treatability Study QAPP (Section 17) and Quality Assurance 
Project Plan for Paducah Remedial Action Assessment Subcontract 
(Section 5 )  

SPH Treatability Study QAPP (Section 6) ,  Remedial Action Assessment 
Subcontract Procedures, and Quality Assurance Project Plan for 
Paducah Remedial Action Assessment Subcontract (Section 6 )  

SPH Treatability Study Work Plan (Section 4) and Quality Assurance 
Project Plan for Paducah Remedial Action Assessment Subcontract 
(Section 7 )  

Quality Assurance Project Plan for Paducah Remedial Action 
Assessment Subcontract (Section 8 )  

Quality Assurance Project Plan for Paducah Remedial Action 
Assessment Subcontract (Section 9 )  

Quality Assurance Project Plan for Paducah Remedial Action 
Assessment Subcontract (Section 10) 

Quality Assurance Project Plan for Paducah Remedial Action 
Assessment Subcontract (Section 1 1 )  
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1. PROJECT DESCRIPTION 

Work on this assignment will be performed in accordance with the Quality Assurance Project Plan 
for Paducah Remedial Action Assessment Subcontract (SAIC, February 2000). This Quality Assurance 
Project Plan (QAPP) has been prepared in accordance with QAMS-005/80 (EPA 1983); 10 CFR 830.120; 
and Standard Operating Procedures and Quality Assurance Manual (EPA 199 1 a). In addition, a 
crosswalk table has been provided that shows the relationship to EPA QA/GS EPA Guidance for Quality 
Assurance Project Plans, EPA/600/R-98/0 1 8 ,  February 1998. This QAPP has been reviewed for Quality 
Assurance/Quality Control (QNQC) requirements by the U.S. Department of Energy (DOE) Management 
and Integration (M&I) Contractor QA Specialist, who will maintain QA oversight throughout the project. 

The following field forms and field QC requirements are provided or described within the text of this 
QAPP: 

QA objectives for field measurements, 
field sampling requirements for laboratory analyses, 
field instrument calibration and preventive maintenance procedures, 
field equipment and calibration check frequencies, 
Calibration Log Form, 
field QC samples, 
Nonconformance Report Form, and 
Field Change Request Form (FCRF). 

2. PROJECT QA RESPONSIBILITY 

Adherence to the QA/QC requirements in this QAPP will require coordination and integration 
between QA representatives from M&I Contractor and the Remedial Action Assessment Subcontract (RAAS) 
Contractor. The roles and responsibilities for QA representatives from both organizations are outlined in 
Table 14.1 of the Six-Phase Heating Treatability Study Work Plan (TSWP). The RAAS Contractor’s QA 
Coordinator will assume responsibility for day-to-day QA activities associated with the project and all 
QA issues related to the RAAS Contractor’s QA program. The RAAS Contractor’s QA Manager also will be 
responsible for all coordination with the M&I Contractor QA Specialist. The M&I Contractor QA Specialist 
will provide QA oversight and coordination with DOE and the regulatory agencies on all QA issues. 

Each project team member is responsible for notifying the Field Task Manager (FTM), the Project 
Manager, the QA staff, or other responsible persons if he/she discovers a condition that may affect the quality 
of the work being performed. The following staff members have specific corrective action responsibilities. 

RAAS Contractor Site Manager-Overall responsibility for implementing corrective actions. 

RAAS Contractor Quality Manager-Overall responsibility for tracking and accepting corrective 
actions. 

RAAS Contractor Project Manager-Implementing task-specific corrective actions. 

RAAS Contractor FTM-Identifying and implementing corrective actions during field activities. 
Notifying the Project Manager and QA staff of conditions not immediately corrected. 
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3. QA OBJECTIVES FOR MEASUREMENT OF DATA 

3.1 DATA QUALITY OBJECTIVES 

Data quality objectives (DQOs) are qualitative statements developed by data users to specify the 
quality of data fi-om field and laboratory data collection activities to support specific decisions or regulatory 
actions. The DQOs describe what data are needed, why the data are needed, and how the data will be used 
to address the problems being investigated. DQOs also establish numeric limits to ensure that data 
collected are of sufficient quality and quantity for user applications. 

3.2 DATA CATEGORIES 

Two descriptive data categories have been specified by the U.S. Environmental Protection Agency 
(EPA) in Data Quality Objectives Process for Superfund, Interim Final Guidance, EPA/540/G-93/07 1 
(EPA 1993b). These two data categories supersede the five QC levels (Levels I, 11,111, IV, and V) defined 
in Data Quality Objectives for Remedial Response Activities, Development Process (EPA 198%). The 
two new data categories are associated with specific QNQC elements and may be generated using a wide 
range of analytical methods. The two data categories are described below. 

Screening data with definitive confirmation: Screening data provide analyte identification and 
quantification using rapid, less precise analytical methods than definitive data. The primary 
difference between screening data and definitive data is the level of QNQC required. The QNQC 
requirements for screening data are as follows: 

sample documentation (location, date and time collected, batch, etc.); 
sample chain-of-custody (when appropriate); 
sampling design approach; 
initial and continuing calibration; 
determination and documentation of detection limits; 
identification of compounds and analytes detected; 
quantification of compounds and analytes detected; 
analytical error determination; and 
definitive con firma ti on. 

At least 10% of the screening data must be confirmed with definitive data. Screening data without 
the required confirmation are not recognized as being of known data quality. 

Definitive data: Definitive data are generated using EPA-approved or other nationally recognized 
analytical methods. Data are compound- or analyte-specific; the identity and concentration of the 
analyte are confirmed. Data can be generated onsite or at an off-site fixed-base laboratory as long as 
the following QA/QC elements are satisfied: 

- sample documentation (location, date and time collected, batch, etc .); 
- sample chain-of-custody (when appropriate); 
- sampling design approach; 
- initial and continuing calibration; 
- determination and documentation of detection limits; 
- identification of compounds and analytes detected; 
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- quantification of compounds and analytes detected; 
- QC blanks (trip, method, equipment rinseates); 
- matrix spike recoveries; 
- analytical error determination (measures precision of analytical method); and 
- total measurement error determination (measures overall precision of measurement system from 

sample acquisition through analysis). 

A combination of screening data and definitive data will be collected when this TSWP is implemented. 
Other than field measurements collected during water sampling events, all analyses will be done by a 
fixed-base laboratory. Table €3.1 summarizes the data uses, data users, data categories, and data deliverable 
QC levels for each of the media and sample types that will be collected during this investigation. 

3.3 

0 

0 

0 

0 

0 

0 

3.4 

0 

0 

INTENDED USES OF ACQUIRED DATA 

The intended uses of the acquired data are to do these things: 

determine baseline levels of soil and groundwater Contaminants in the area planned for installation of 
the Six-Phase Heating (SPH) system; 

determine the impact of SPH technology on soil and groundwater contaminants and groundwater 
migration; and 

develop design criteria for full-scale installation of SPH as part of the remedial strategy if the 
technology is shown to be effective. 

Data objectives are as follows. 

Scientific data generated will be of sufficient quality to withstand scientific and legal scrutiny. 

Data will be gathered or developed in accordance with procedures appropriate for its intended use. 
All field and laboratory methods/procedures specified for this project will comply with EPA 
requirements for Comprehensive Environmental Response, Compensation, and Liability Act 
(CERCLA) investigations. 

Data will be of known precision, accuracy, representativeness, completeness, and comparability 
(PARCC) within the limits of the project. Specific criteria for PARCC parameters have been 
established, as appropriate. 

INTENDED USERS OF DATA 

The primary users of data acquired during this investigation will be as listed. 

DOE, The Commonwealth of Kentucky, EPA, and the public will use data to select the remedial 
a1 ternative. 

The Project Team will use the data to determine the effectiveness of SPH as a soil and groundwater 
remediation alternative and will present these results in a report to DOE. In consultation with DOE, 
EPA, and Kentucky Department for Environmental Protection (KDEP), the Project Team will decide 
on the next phases of work. 
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Table B.l. Data uses and quality control levels 

4 
n a Field ActivityMedia Intended Uses Intended Usersa Data Category 

None specified 0 Determination of appropriate protection levels for field personnel 
Determination of well development completion 

Field personnel 
GWOU Decision Makers 

0% Health and safety 
Q monitoring and well 

i3 development and purging Project Technical Support 
Field Screening Measurement of water levels Project Manager Screening with 

0 Measurement of soil temperatures 
0 Measurement of vacuum in soils during SPH operation 

Field Personnel definitive 
GWOU Decision Makers confirmation 

0 Screening soil samples for VOCs during sample collection 
0 Screening samples for radiation before off-site shipment 
0 Measurement of operational parameters 

0 Measure impact and effectiveness of SPH on soils and groundwater 
Support baseline risk assessment GWOU Decision Makers 
SupportFS Risk assessors 

Project Technical Support 

Groundwater monitoring 0 Establish baseline contaminant concentrations Project Manager Definitive 
wells and soil borings Technical support staff 

aSecondary data users are listed. Primary data users include DOE, M&I Contractor, EPA, and Commonwealth of Kentucky personnel. 
FS = Feasibility Study; NA = Not Applicable; TCE = trichloroethene; VOCs = volatile organic compounds 



The risk assessor(s) will use these data to conduct baseline human health and ecological risk assessments. 

The data management team will add these data to Paducah Oak Ridge Environmental Information 
System (OREIS). 

3.5 PRECISION, ACCURACY, REPRESENTATIVENESS, COMPLETENESS, AND 
COMPARABILITY 

PARCC parameters are tools by which data sets can be evaluated. Evaluation of PARCC parameters 
helps ensure that DQOs are met. Table B.2 displays QA objectives for laboratory measurements. 

Precision refers to the level of agreement among repeated measurements of the same characteristic, 
usually under a given set of conditions. To determine the precision of the laboratory analysis, a 
routine program of replicate analyses is performed. Duplicate field samples will be collected to 
determine total measurement (sampling and analytical) precision. The precision of field instrument 
measurements will be based on manufacturers’ data (see Table B.3). 

Accuracy refers to the nearness of a measurement to an accepted reference or true value. To 
determine the accuracy, the evaluation is applied over the entire range of concentrations. To 
determine the accuracy of an analytical method and/or the laboratory analysis, a periodic program of 
sample spiking is conducted (minimum 1 spike and 1 spike duplicate per 20 samples). 

In addition, a Laboratory Control Sample will be performed for each batch and plotted on control 
charts. Accuracy of the Laboratory Control Sample will be evaluated in accordance with laboratory 
statistical guidelines. 

Accuracy and precision of data collected in the investigation will depend on the measurement 
standards used and their meticulous, competent use by qualified personnel. Objectives for laboratory 
accuracy and precision for this project are shown in Tables B.2 and B.3. The compound-specific 
precision and accuracy objectives will be included in the laboratory QAPP and will be reviewed for 
appropriateness. Accuracy of field instruments will not be determined. However, frequent calibration 
and operational checks will be performed (see Sect. 6.1 of this QAPP) to ensure that instrument 
measurements are in control. 

Representativeness is the degree to which discrete samples accurately and precisely reflect a 
characteristic of a population, variations at a sampling location, or an environmental condition. 
Representativeness is a qualitative parameter and will be achieved through careful, informed 
selection of sampling sites, dnlling sites, dnlling depths, and analytical parameters and through the proper 
collection and handling of samples to avoid interference and minimize contamination and sample loss. 

Completeness is a measure of the percentage of valid, viable data obtained from a measurement 
system compared with the amount expected under normal conditions. The goal of completeness is to 
generate a sufficient amount of valid data to satisfy project needs. For this project, the completeness 
objective for field and laboratory measurements is 90%. 

Comparability is the extent to which comparisons among different measurements of the same 
quantity or quality will yield valid conclusions. Comparability will be assessed in terms of field 
standard operating procedures (SOPS), analytical methods, QC, and data reporting. In addition, data 
validation assesses processes employed by the laboratory that affect data comparability. 
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Table B.2. Quality assurance objectives for laboratory measurements 

Parameter Method Matrix Precision' Accuracy Completeness 
TCL volatiles 

TCL volatiles 

TCL semivolatiles 

TCL semivolatiles 

TAL metals 

TAL metals 

Gross alpha 

Gross alpha 

Gross beta 

Gross beta 

Sulfate 

Sulfide 

Nitrate-ni tri te 

Total Suspended Solids 

Fluoride 

Chloride 

Radionuclides 

Radionuclides 

Moisture content 

Specific gravity 

Oxidation/reduction potential 

SW-846b 8260 

SW-846b 8260 

SW-846 8270 

SW-846 8270 

SW-846 601 0 and 7000 series 

S W-846 60 I 0 and 7000 series 

EP A 900/H ASL-300' 

EPA 900/HASL-300C 

EPA 900/HASL-300 

EPA 900/HASL-300 

SW-846 9056 

SW-846 9030 or EPA 376.1 

MCAWW353.3 

MCAWW 160.2 

MCAWW 340.2 

SW-846 9056 

Lab specific 

Lab specific 

ASTM D22 16 

ASTM D954 

ASTM D 1498 

Water 

Soil 

Water 

Soil 

Water 

Soil 

Water 

Soil 

Water 

Soil 

Water 

Water 

Water 

Water 

Water 

Water 

Water 

Soil 

Soil only 

Soil 

Water 

13% 

22% 

13% 

22% 

20% 

35% 

20% 

30% 

10% 

25% 

3 0% 

5 0% 

3 0% 

3 0% 

30% 

3 0% 

5 0% 

5 0% 

NA 

NA 

NA 

80 - 100% 

80 - 100% 

80 - 100% 

80 - 100% 

80 - 100% 

80 - 100% 

80 - 100% 

80 - 100% 

80 - 100% 

80 - 100% 

75 - 105% 

50 - 150% 

90- 110% 

75 - 105% 

75 - 105% 

85 - 115% 

80 - 100% 

80 - 100% 

NA 

NA 

NA 

PH SW-846 9045 Water 10% 90- 110% 90% 

Precision and accuracy values shown for radionuclides represent levels of 15 pCi/L and 15 pCi/g and above. Lower levels will 
have substantially wider precision and accuracy limits. 
aPrecision given as a relative percent difference based on replicates. 
bEPA 1994. Test Methods for Evaluating Solid Waste, Physical/Chemical Methods, Second Edition, Final Update 11, SW-846, 
September. 
'This procedure is derived from a variety of sources including, but not limited to, Environmental Measurements Laboratory 
Procedures Manual, HASL-300 (DOE 1982) and Prescribed Proceduresfor Measurements of Radioactivity in Drinking Water 
(900 Series) (EPA 1980). 
dEPA 1983b. Methods for Chemical Analysis of Water and Wastes, EPA-600/4-79-020, March. 
TCL = Target Compound List; TAL - Target Analyte List; NA - not applicable. 

NOTE: THIS TABLE DOES NOT REFLECT ANY WASTE MANAGEMENT REQUIREMENTS 
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Table B.3. Quality assurance objectives for field measurements 
VI 
Q 

n 
OJ 

Parameter Matrix Accuracy Precision Completeness 

monitoring) 
b Total organic vapors (air Gas N D ~  - 90% 

n 

90% b Radiation health and safety Aqueous, solid ND - 

(monitoring) 

PH Aqueous ND k 0.05 uni t  90% 

Conductivity Aqueous ND f 50 units 90% 

Temperature Aqueous ND * 1" 90% 

Temperature Soi I ND k l o  90% 

Water level Aqueous ND f O . O 1  ft 90% 

Gross alphdgross beta Aqueous, solid ND Instrument counting error 90% 

Gross alphdgross beta Wipe of sample containers ND Instrument counting error 90% 
a Soil vacuum Gas ND - 90% 

'Independent accuracy checks will not be determined in the field. Accuracy varies according to the type of instrument used. Instruments will be calibrated daily, or more frequently 
as specified in the manufacturers' guidelines. (See Section 6.1 of this QAPP for further information on equipment calibration procedures.) 
bDirect reading instrument, incapable of reproducing a value without an air standard because atmospheric concentration varies and is unknown. Users will rely on calibration 
results to verify proper functioning of instrument. 

ND = not determined 



4. SAMPLING PROCEDURES 

Sampling procedures are discussed in Sects. 1.3, 1.4, 1.5, and 1.6 of Appendix A of the TSWP, the 
Sampling and Analysis Plan ( S A P ) .  The procedures to be used for this TS are PGDP-approved procedures. 

5. SAMPLE CUSTODY 

Sample custody procedures are addressed in Sect. 1.4.5 of Appendix A, the S A P .  

6. CALIBRATION PROCEDURES AND FREQUENCY 

6.1 FIELD EQUIPMENT CALIBRATION PROCEDURES AND FREQUENCIES 

The calibration of field instruments will be checked in the field in accordance with SAIC QAAP 12.1, 
“Control of Measuring and Test Equipment.” Field calibration records will be documented in logbooks 
and on field data sheets. Calibration frequency is summarized in Table 8.4; an example field calibration 
record is given in Fig. B. 1. 

6.2 LABORATORY EQUIPMENT CALIBRATION PROCEDURES AND FREQUENCIES 

As required by BJC/OR-43, the laboratory(ies) will use written, standard procedures for equipment 
calibration and frequency. These procedures are based on EPA guidance or manufacturers’ recommendations 
and are given in the EPA-approved analytical methods. Supplemental calibration details, such as 
documentation and reporting requirements, are given in the laboratory QA plan. The laboratory QA plan 
will be reviewed and approved by M&I Contractor as part of the laboratory review process. The 
appropriate references for all analytical parameters are included in the reference section of this document. 
When available, standards used for calibration will be traceable by the National Institute of Standards and 
Technology. Corrective action procedures for improperly functioning equipment will be addressed in the 
laboratory QA plan. Calibration records in accordance with the laboratory QA plan will be maintained for 
each piece of measuring and test equipment and each piece of reference equipment. The records will 
indicate that established calibration procedures have been followed. Records of equipment use will be 
kept in the laboratory files. 
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z v 1  
2 Equipmentcheck Calibration/functional Calibration check 
L c l  frequency Field usage Frequency Calibrationk heck material procedure S P I  

Table B.4. Field equipment and calibratiodfunctional check frequencies 

v1 Total organic vapor Field screen, health and 
safety 

Daily before use At end of day 

NIA 

Traceable calibration 
gas 

Traceable calibration 
gas 

Manufacturer 
Specifications 2 analyzera 

On-line photoionization 
detector 

Field screen, health and 
safety 

Before shakedown, 
monthly during use, 

after heating 

Daily before useb 

Manufacturer 
Specifications 

Radiation detectors Field screen, health and 
safety 

Health and safety 

At end of day 

At end of day 

NIA 

At end of day 

At end of day 

At end of day 

NIA 

Alpha, gamma, and beta 
radioactive sources 

Manufacturer 
Specifications 

Manufacturer 
Specifications 

Manufacturer 
Specifications 

Manufacturer 
Specifications 

Daily before useb Combustible gas 
indicator 

Traceable methane 

Respirable dust monitor Health and safety Weekly during use Zero bags 

Traceable pH buffers pH meter Field screen Daily before use 

Conductivity meter 46 
c-r 
VI 

Field screen Daily before use Traceable conductivity 
standard 

Manufacturer 
Specifications 

Manufacturer 
Specifications 

Manufacturer 
Specifications 

Air-saturated waster Dissolved oxygen Field screen Daily before use 

Water Water level indicator Field screen Each use 

'Photoionization detectors (except on-line photoionization detector), flame ionization detectors. 
bThese instruments are calibrated by the manufacturer. A functional check will be conducted daily before use to ensure that the equipment is working. 
N/A = not applicable; EPA = U.S. Environmental Protection Agency. 



9 IDENTlFlER 

Fig. B.l. Example of an equipment calibration log. 

ITEM CALIBRATION MEASUREMENT BACKGROUND RESPONSE 
DESCRIPTION PRE ADJUSTMENT POST CHECK CHECK NAME DATE 

~ 
~ 

~ - ~ 



7. ANALYTICAL PROCEDURES 

7.1 OFF-SITE LABORATORY ANALYTICAL PROCEDURES 

When available and appropriate for the sample matrix, SW-846 methods will be used. When not 
available, other nationally recognized methods such as those of EPA, DOE, and the American Society of 
Testing and Materials (ASTM) will be used. Table B.5 presents field measurement parameters for all TS 
and investigation-derived waste sampling. Tables B .6 through B. 8 summarize the analytical methods and 
sample requirements for laboratory analytical parameters. Note that SW-846 methods will be used to 
analyze TCL/TAL compounds, which are listed in Table B.9. 

Table B.5. Analytical parameters 

Analysis 
Sample type Field measurements Laboratory analysis 

Total organic vapors, radiation, pH, 
conductance, temperature, dissolved oxygen, 
water level (water media only), gross alpha 
and beta 

Environmental samples Refer to Table B.6 

Waste characterization samples Not applicable Refer to Table B.7 

Method detection limits (MDLs) are the extent to which the equipment or analytical processes can 
provide accurate, minimum data measurements of a reliable quality for specific constituents. MDL is 
defined as the minimum concentration of a substance that can be measured and reported with 99% 
confidence that the value is above zero. The actual quantitation limit for a given analysis will vary 
depending on instrument sensitivity and matnx effects. MDLs for fixed-base laboratory analyses for this 
project are shown in Table B.9. 

The screening of environmental samples for gross alpha and gross beta will be performed by the 
PGDP analytical laboratory to meet Department of Transportation shipping and handling regulations. 
PGDP analytical methods will be followed for these analyses. Analytical sample volume, holding times, 
and sample containers are provided in Table R. 10 for all screening analyses. 

8. DATA REVIEW AND REPORTING 

The data reduction, validation, assessment, and reporting for the TS will be performed in accordance 
with RAAS-005, “Quality Assured Data.” To ensure that data management activities provide an accurate 
and controlled flow of data generated by the laboratory, it is important that the following data handling 
and reporting steps be defined and implemented. 

8.1 DATA REDUCTION 

Field program data will be produced by means of visual observation, direct-reading instrumentation, 
measuring devices, and performance of chemical analyses. All field activities, direct-reading instruments, 
and measuring devices will occur or be used in accordance with the SOPS and the specifications in the 
manufacturers’ operations and maintenance manuals, as appropriate. 
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0 - +u ? Table B.6. Analytical methods and sample requirements for environmental samples 
5 8  
& c a  E n  Holding Time 

(from time of Sample 
Method No. Matrix collection) Container Preservative ' w I ' Parameter 

2 TCL Volatile SW-846a, 8021,8260 Water 14 days Three 40-ml vials with Teflon-lined caps HCl to pH <2 
Organics 

Organics Prep 5030 

TCL Semivolatile SW-846", 8270 
Organics Prep 3520 

TCL Semivolatile SW-846a, 8270 
Organics Prep 3550 

TAL Metalsb 

TCL Volatile SW-846", 802 1,8260 

SW-846, 6010 and 7000 series* 

Cool to 4°C 

Soil 14 days 4-oz. wide-mouth glass jar with Teflon- Cool to 4°C 
lined closure or brass liner 

Water 14 days Three 40 ml vials with Teflon-lined caps HCl to pH <2 
Cool to 4°C 

Soil 14 days 4-oz. wide-mouth glass jar with Teflon- Cool to 4OC 
lined closure or brass liner 

1-L polyethylene with polyethylene closure €€NO3 to pH < 2 
Cool to 4°C 

Water 180 days 
(28 days for 

Mercury) 
180 days 

(28 days for 
Mercury) 
6 months 

TAL Metalsb SW-846, 6010 and 7000 series* Soil 4-oz plastic jar Cool to 4°C 

1 -L polyethylene bottle HN03 to pH < 2 Gross Alpha and SW-846,93 10 
Beta 

Water 

Gross Alpha and 
Beta 

No method for soil; lab specific Soil 6 months 500-ml straight side 

6 months 500-ml Boston round 
2-L polyethylene bottle 

HN03 to pH < 2 Radionuclides Lab specific Water 

Soil 

Water 

6 months 

48 hours 

500-ml straight side Radionuclides Lab specific 

Oxidation- ASTM' D 1498 
reduction potential 

PH SW-846,9045 

Specific SW-846,9050, EPA 100.1 
conductance 

16-oz. wide-mouth glass jar with Teflon- Cool to 4°C 
lined closure 

125-ml bottle None 

1 -L polyethylene bottle None 

Water 

Water 

Immediate 

28 days 

125-ml bottle 

260-ml amber glass 

Cool to 4°C 
8 Sulfate SW-846,9035 Water 

Water 

28 days 

7 days zinc acetate (2 mL) 
and NaOH to pH>9 
Cool to 4°C 

Sulfide SW-846,9030 



Table B.6. (continued) 0 
53 

3 4  Holding Time 
(from time of 

Parameter Method No. Matrix collection) Container Preservative 

5 8  
E u 3  Sample 
$ &  - 

28 days 125-ml polyethylene bottle Cool to 4°C Nitrate-nitrite MCAWW 353.3 Water 2 

Total Suspended MCAWW 160.2 
Solids 

Water 7 days 2-L polyethylene with polyethylene closure Cool to 4°C 

Fluoride MCAWW 340.2 Water 28 days 2-L polyethylene with polyethylene closure Cool to 4°C 

Chloride SW-846,9056 Water 28 days 125-ml polyethylene bottle Cool to 4°C 

Temperature EPA 170.1 Water At collection 2-L polyethylene with polyethylene closure None 

Notes: 
*Mercury has a 28-day holding time. 
a EPA 1994. Test Methods for Evaluating Solid Waste, Physical/Chemical Methods, Second Edition, Final Update 11, SW-846, September. 

Samples for these parameters can occupy the same sample containers. 
American Society for Testing and Materials ( 1  991 ). Annual Book of ASTM Standards. 

dEPA 1983. Methodsfor Chemical Anulysis of Water and Waste (MCAWW), EPN600-4-791020, U.S. Environmental Protection Agency, March. 
46 
\o 



Table B.7. Analytical methods and sample requirements for investigation-derived waste analysis 0 
? 

3 4  Parameter Method no. Matrix Holding time Container Preservation 
v 6 Radionuclides" EPA 9OO/HASL-300b/ Water 6 months 2-L polyethylene bottle H N 0 3  to pH<2 
x 
E c1 0 Gross alpha and gross beta lab specific 
2 (total and dissolved for Soil 6 months 8-oz. glass jar with Teflon-lined septum 

c. 3 g  

water) 

Other radionuclides" 
6oco 99Tc Lab specific 
'37cs 237Np Lab specific 
24'Am 239Pu Lab specific 
2 3 4 ~  230Th Lab specific 
2 3 8 ~  Lab specific 

Volatile organic SW-846,8260 
Compounds Prep 5030 
(including isopropanol) 

Semivolatile organic SW-846,8270 
7 Compounds Water Prep 3520 
h) 
0 Soil Prep 3550 

Water 6 months 

Soil 6 months 

Water 14 days 

Soil 14 days 

2-L polyethylene bottle 

500-mI straight side bottle 

H N 0 3  to pH<2 

Two 40-ml amber glass vials with Teflon-lined septum HCL to pHc2 
Cool to 4°C 
Cool to 4°C 8-02. wide-mouth jar with Teflon-lined closure 

Water 7 days to extraction One 1 -L amber glass jar with Teflon-lined closure Cool to 4°C 
40 days'to analysis 

Soil I4 days to extraction 8-oz. wide-mouth glass jar with Teflon-lined closure Cool to 4°C 
40 days to analysis 

Metals (except mercury) SW-846,6010/7000 series Water 

Soil 

1 80 days (Hg = 28 days) 

180 days (Hg = 28 days) 

1 -L polyethylene or amber glass jar with Teflon-lined closure 

8-oz. wide-mouth glass jar with Teflon-lined closure 

HNO, to pH<2 
Cool to 4°C 

Cool to 4°C 

Water Prep 3010 6010 series 

Soil Prep 3050 
Water Prep 3020 7000 series 

Cyanide SW-846,9010 

Pesticides/polychlorinated SW-846, 8080 
biphenyls Water Prep 3520 

Soil Prep 3550 
1 

Water 14 days 

Soil 14 days 

Two 1 -L polyethylene with Teflon-lined closure NaOH to pH>10 
Cool to 4°C 
Cool to 4°C 4-oz. wide-mouth glass jar with Teflon-lined closure 

Cool to 4°C Water 7 days to extraction 
40 days to analysis 

Two 1 -L polyethylene with Teflon-lined closure 

Soil 14 days to extraction 16-oz wide-mouth glass jar with Teflon-lined closure Cool to 4°C 
40 days to analysis 

I Reactivity SW-846 Section 7.3 Soil None specified 8-oz. wide-mouth glass with Teflon-lined closure Cool to 4°C 



Table B.7. (continued) 0 
? 
Z V I  
2 0  Parameter Method no. Matrix Holding time Container Preservation 
v E 3 Corrosivity SW-846 Section 7.2 Soil Non specified 8-oz. wide-mouth glass with Teflon-lined closure Cool to 4°C 

W Moisture contenta ASTMdD22 16 Soil 14 days 8-oz. wide-mouth glass jar with Teflon-lined closure Cool to 4OC 
2 

pl 
& 

Chloride" SW-846,9056 Water 28 days 125-ml polyethylene bottle Cool to 4°C 

Flash point 40 CFR 261.21 Soil None specified 8-oz. wide-mouth glass jar with Teflon-lined closure Cool to 4°C 

Cool to 4°C Ignitabilitf SW-846, I01 0 Water None specified 105-mL polyethylene with polyethylene closure 

Full toxicity SW-846, 131 1 followed by Soil VOCs: I4 days to extraction; I6-oz. wide-mouth glass jar with Teflon-lined closure Cool to 4°C 
characteristic SW-846,8240,8270,8080, 14 days to analysis. 

SVOCs and Pesticide/PCBs: 14 days 
to extraction; 7 days to preparation; 
40 days to analysis. 
Mercury: 28 days to extraction; 
28 days to analysis. 
Metals: 180 days to extraction; 
180 days to analysis. 

601 0,7470 

Cool to 4°C Total suspended solids" MCAWW-1 60.2 Water See Table 7 1 -L polyethylene 

4d oil &grease SW-846,9070 z Water 28 days 1 -L glass bottle with Teflon-lined closure HzS04 to pH<2 
Cool to 4°C 

Total phosphorus MCAWW-365.2 Water See Table 7 250-ml polyethylene bottle 

Hexavalent chromium SW-846,7197 Water See Table 7 
Modified Prep. 

250-ml polyethylene bottle 

HzS04 to pH<2 
Cool to 4OC 

Cool to 4°C 

To be determined Cool to 4°C Chronic toxicity EPA/600/4-89/00 1 Water 48 hours 

Hardness MCAWW-I 30. I Water See Table 7 1 -L polyethylene 

pH" (normally a held 
parameter) 

SW-846, 9045 Water See Table 7 

Chlorine (total residual)" MCAWW 330.1 Water As soon as possible 
(normally a held 
parameter) 

HzS04 to pH<2 
Cool to 4°C 

125-ml polyethylene bottle None 

1 -L polyethylene bottle None 

'Samples for these parameters can occupy the same sample container(s). 
bThis procedure is derived from a variety of sources including, but not limited to, Environtnental Measurenients Lnboratov Procedures btaniral, HASL-300 (DOE 1982) and 
the Prescribed Procedures for t~ieasirren~ents of Radioactivity in Drinking Water (900 Series) (EPA 1980). 
' EPA 1994. Test Methodsfor Evnlirnting Solid Waste. Physicnl/Cheniicnl Methods, Second Edition, Final Update 11, SW-846, September. 
dAmerican Society for Testing and Materials (1 991 ). Annual Book of ASTM Standards. Method will be determined by analytical laboratory. 
'U.S. Environmental Protection Agency ( 1  983b). Methodsfor Chemical Annlysis of Water and Wastes, EPA-60014-79-020. March. 



Table B.8. Target Compound List/Target Analyte List Parameters 

Vola tiles 
1. 
2. 
3. 
4. 
5.  
6. 
7. 
8. 
9. 

10. 
11. 

Chloromethane 
B romome thane 
Vinyl chloride 
Chloroethane 
Methylene chloride 
Acetone 
Carbon disulfide 
1,l -Dichloroethene 
1,l -Dichloroethane 
1,2-Dichloroethene (total) 
Chloroform 

12, 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 

1,2 -Dic hloroe t hane 
2-Butanone 
1 , 1 , 1 -Trichloroethane 
Carbon tetrachloride 
Bromodichloromethane 
1,2-Dichloropropane 
cis- 1,3-Dichloropropene 
Trichloroethene 
Dibromochloromethane 
1,1,2-Trichloroethane 
Benzene 

23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 
31. 
32. 
33. 

trans- 1,3-Dichloropropene 
Bromo form 
4-Methyl-2-pentanone 
2-Hexanone 
Tetrachloroethene 
Toluene 
1,1,2,2-Tetrachloroethane 
Chlorobenzene 
Ethyl benzene 
Styrene 
Xylenes (total) 

Semivola tiles 
1. 1,2,4-Trichlorobenzene 23. 4-Chlorophenylphenyl ether 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 

10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 

1,2-Dichlorobenzene 
1,3-Dichlorobenzene 
1,4-Dichlorobenzene 
2,4,5-Tric hlorophenol 
2,4,6-Trichlorophenol 
2,4-Dichlorophenol 
2,4-Dimethylphenol 
2,4-Dinitrophenol 
2,4-Dinitrotoluene 
2,6-Dinitrotoluene 
2-Chloronaphthalene 
2-Chlorophenol 
2-Me thyl-4,6-dinitrophenol 
2-Methylnaphthalene 
2-Nitroaniline 
2 -Nitrop hen01 
3,3'-Dichlorobenzidine 
3 -Nitroaniline 
4-Bromophenyl phenyl ether 
4-Chloro-3-methylphenol 

24. 
25. 
26. 
27. 
28. 
29. 
30. 
31. 
32. 
33. 
34. 
35. 
36. 
37. 
38. 
39. 
40. 
41. 
42. 
43. 
44. 

4-Nitroaniline 
4-Nitrophenol 
Acenaphthene 
Acenaphthylene 
Anthracene 
Benzo( a)anthracene 
Benzo( a)pyrene 
Benzo( b)fluoranthene 
Benzo( ghi)perylene 
Benzo(k)fluoranthene 
Benzylbutyphthalate 
Bis( 2-ch1oroethoxy)methane 
B is( 2 -chloroe t hy 1) ether 
Bis(2-chloroisopropy1) ether 
Bis( 2-ethylhexy1)phthalate 
Carbazole 
Chrysene 
Di-n-butylphthalate 
Di-n-octylphthlate 
Dibenz( a,h)anthracene 

45. 
46. 
47. 
48. 
49. 
50. 
51. 
52. 
53. 
54. 
55. 
56. 
57. 
58. 
59. 
60. 
61. 
62. 
63. 
64. 
65. 

Diethylphthalate 
Dimethylphthalate 
Fluoranthene 
Fluorene 
Hexachlorobenzene 
Hexachlorobutadiene 
Hexachloroc yclopentadiene 
Hexachloroethane 
Indeno( 1,2,3-cd)pyrene 
Isophorone 
m,p-cresol 
N-Nitroso-di-n-prop y lamine 
N-Nitrosodiphenylamine 
Naphthalene 
Nitrobenzene 
o-cresol 
Pentachlorophenol 
Phenanthrene 
Phenol 
Pyrene 
P yridine 

22. 4-Chloroaniline Dibenzo furan 
Metals 

1. Aluminum 5.  Magnesium 9. Nickel 
2. Potassium 6. Total Fe 10. Total Chrome 
3. Sodium 7. Barium 
4. Calcium 8. Vanadium 

1. 6oco 4. 234u 7. 237Np 

3 .  24'Am 6. 99Tc 9. 230Th 

Radionuclides 

2. 137cs 5. 238u 8. 239Pu 
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Table B.9. Method detection limits for Nuclear Regulatory Commission-licensed laboratory analyses 

Water Soil TCL Volatile Organic Compounds' 
(pg/L) (pg/kg) SW-846: 8260 

5 10 Benzene 1,2-Dichloroethane " 1,1,1,2-Tetrachloroethane 
Bromodich loromet hane 
Bromoform 
Carbon disulfide 
Carbon Tetrac h I oride 
Chlorobenzene 
Chloroform 
Cis- 1,3 -d ic h loropropene 
Di bromochloromethane 
"Di bromomethane 
" 1,2-Dibromomethane 

1,1 -Dichloroethane 

10 10 Bromomethane 
Chloroethane 

1 , l  -Dichlorethene 
1,2-Dichloroethene (Total) 
1,2-Dichloropropane 
" Ethyl methacrylate 
Ethyl benzene 

Methylene chloride 
Styrene 
1,1,2,2,-Tetrachoroethane 

Tetrachloroethene 
Toluene 
Trans- 1,3-dichloropropene 
"Trans- 1,4-dichloro-2-butene 

1,1 ,1  -Trichloroethane 
1 , I  ,2-Trichloroethane 
Trichloroethene 
"Tric h lorofluoromethane 
" 1,2,3-Trichloropropane 
Xylenes (Total) 

( 100) 

Chloromethane 

50 50 2-Hexanone 4-Methyl-2-pentanone Vinyl acetate 

100 100 Acetone 
2-Butanone 

2 10 Vinyl chloride (MDL for water meets EPA MCL) 
Water Soil TCL Semivolatile Organic Compounds' 
(pg/L) (pg/kg) SW-846: 8270 

10 660 1,2,4-Trichlorobenzene Acenaphthylene Dimethylphthalate 

20 1300 

1,2-Dichlorobenzene 
1,3-Dichlorobenzene 
1,4-Dichlorobenzene 
2,4,5 -Tric hlorophenol 
2,4,6-Trichlorop hen01 
2,4-Dichlorophenol 
2,4-Dimethylphenol 
2,4-Dinitrotoluene 
2,6-Dinitrotoluene 
2-Chloronaphthalene 
2-Chlorophenol 
2-Methylnaphthalene 
2-Nitrophenol 
4-Bromophenyl phenyl 
ether 
4-Chlorophenylphenyl ether 
Acenaphthene 

3,3'-Dichlorobenzidine 

50 3300 2,4-Dinitrophenol 
2-Methyl-4,6-dinitrophenol 

not specified not specified Bis(2-chloroisopropyl) 
ether 

Anthracene 
Benzo( a)anthracene 
Benzo(a)pyrene 
Benzo( b)fluoranthene 
Benzo( ghi)perylene 
Benzo( k) fluoranthene 
Benzylbutyphthalate 
Bis(2- 
c h1oroethoxy)me thane 
Bis( 2-chloroethyl) ether 
Bis(2- 
ethylhexy1)phthalate 
Chrysene 
Dibenz( a,h)anthracene 
Dibenzofuran 
Diethylphthalate 

4-Chloro-3- 
methylphenol 
2-Nitroaniline 
3-Nitroaniline 
4-Nitroaniline 
Carbazole 
qp-cresol 

Di-n-butylphthalate 
Di-n-octylphthlate 
Fluoranthene 
Fluorene 
Hexachlorobenzene 
Hexachlorobutadiene 
Hexachloroc yclopentadiene 
Hexachloroethane 
Indeno( 1,2,3-cd)pyrene 
Isophorone 
Naphthalene 
Nitrobenzene 
N-Nitroso-di-n- 
prop ylamine 
N-Nitrosodiphen ylamine 
Phenanthrene 
Phenol 
Pyrene 
4-Chloroaniline 

4-Nitrophenol 
Pentachlorophenol 

o-cresol 
P yridine 
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Table B.9. (continued) 

Water Soil TAL Metalsb 

(pg/L) (mg/kg) SW-846,6010 and 7000 series 
25 25 Barium 
25 10 Manganese 
25 25 Vanadium 

25 25 Chromium 

50 5 Nickel 

200 20 Iron 

200 20 Aluminum 
2000 100 Calcium 

25 50 Magnesium 
2000 200 Sod i um 

Water Soil Miscellaneous parameters 
(pg/L) (pg/kg) (various methods) 
1000 Sulfide 

N itrate-nitrite 
Chloride 
Fluoride 

Water Soil 
(pCi/L) (pCi/p) Radionuclides Method 

3 10 Gross Alpha and Beta SW-846,93 10 

not specified 6oco 

not specified 3 l3’CS 
not specified 3 

not specified 3 13”P 
not specified 3 239Pu 

17 8 99Tc Lab specific 

24’Am 
234u 

2 3 8 ~  
not specified 30 
not specified 30 

not specified 5 230Th 
a U. S. Environmental Protection Agency. Test Methods for Evaluating Solid Waste, Physical/Chemical Methods, SW-846, Third 

Ed., November (EPA 1986). Values shown in this table are taken from this document and presented therein as both method 
detection limits and practical quantitation limits. 
SW-846 Methods 7470 and 7471 will be used to analyze for mercury in water and soil, respectively. Other metal analytes will 
be analyzed by SW-846, Method 6010, except for arsenic (Method 7060), lead (method 78421), selenium (method 7740, and 
thallium (method 7841), and hexavalent chromium (Method 71 97). 

WWater only. 

NRC = Nuclear Regulatory Commission; TCL = Target Compound List; MDL = Method Detection Limit; EPA = U.S. 
Environmental Protection Agency; MCL = Maximum Contaminant Level; PCBs = polychlorinated biphenyls; TAL = Target 
Analyte List; 
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0 0 

L u t  
3 0  
= A  
W F: * Gross alpha and gross PGDP method Water 6 months 8 pCi/L alpha Two 40-mL glass vials None 
w g g !  beta 10 pCi/L beta 

13 

Table B.10. Analytical methods and sample requirements for screening samples 

Parameter Method no. Matrix Holding time Detection limit Container Preservation 

L 

Soil 6 months TBD 4-oz. wide-mouth glass jar None 
with Teflon-lined lid 

PGDP = Paducah Gaseous Diffusion Plant. 



To present field data in a report, the data recorded in data books and forms will need to be 
summarized and transferred to tables, figures, maps, or logs. To analyze data, some data will need to be 
entered into computer databases or onto spreadsheets. The FTM, Field Supervisor, and other team 
members are responsible for data transfer activities pertinent to their roles on the project. The Project 
Datamecords Coordinator will ensure that data transfers to the Paducah Project Environmental 
Management System (PEMS) are performed accurately. Initially, 100% of the transfer activities will be 
checked. After the first two satisfactory transfers, 20% of the transfer activities will be checked. Data 
generated by laboratories will be reduced using the format specified by EPA or other standard methods. 
The analytical data will be checked for completeness and reasonableness. Laboratory data will be 
reconciled with field identifiers and will be transferred from the laboratory electronic data deliverable 
(EDD) to Paducah PEMS. 

It will be the responsibility of the Project Data/Records Coordinator to ensure that all data transferred 
to tables, spreadsheets, logs, maps, figures, or into Paducah PEMS are transferred correctly. All copies 
(paper and electronic) of data transferred will be checked at least once for completeness and accuracy. All 
computer programs used to analyze or reduce data will be checked at least once with a data set of known 
results before the program is used to process data for any site. 

8.2 DATA VERIFICATION, VALIDATION AND ASSESSMENT 

The data review process consists of the verification, validation, and assessment of environmental 
measurements, waste management data, and analytical data from fixed-base and field laboratories. The 
data verification process determines if results have been returned for all samples, if the proper analytical 
and field methods have been used, if analyses were performed for the desired parameters, and if the 
requirements of any laboratory subcontracts have been met. The data validation process determines 
whether proper QC methods were used and whether the results met established QC criteria. The data 
assessment process determines whether data are adequate for its intended use. Any problems found during 
the review process are documented and resolved. Data management information/ requirements for data 
review are discussed in Sects. 7.10 and 7.1 1 of the SPH TSWP. 

8.2.1 Data Verification 

Verification of analytical data can be broken down into two steps, laboratory contractual screening 
and electronic Paducah PEMS verification. Laboratory contractual screening is the process of evaluating a set 
of data against the requirements specified in the analytical Statement of Work to ensure that all requested 
information is received. The contractual screening includes, but is not limited to, the COC, number of 
samples, analytes requested, total number of analyses, method used, QC samples analyzed, EDDs, units, 
holding times, and reporting limits achieved. The M&I Contractor Sample Manager is primarily responsible 
for the screening upon receipt of data from the analytical laboratory. Electronic Paducah PEMS 
verification is the process for comparing a data set against a set standard or contractual requirement, 
specific to the project. This electronic verification is performed by the Project Data Coordinator. Data is 
flagged, as necessary, and qualifiers are stored in Paducah PEMS for transfer to Paducah OREIS. 

Verification of field measurements data consists of establishing that data are recorded correctly and 
that field instruments have been properly calibrated and ensuring the accuracy and completeness of all 
field forms and logbooks (e.g., sample information forms, chain-of-custody forms, requests for samples 
analysis, etc.). Any problems with the data will be documented, and preventive and possible corrective 
actions will be taken, if necessary. 
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8.2.2 Data Validation 

Data validation is the process of screening data and accepting, rejecting, or qualifying them on the 
basis of sound criteria. Data validation will be performed in accordance with EPA procedures and shall be 
validated at a target frequency of a minimum of 10% of all data packages. The following procedure, 
TP-DM-300-7, Data Validation, will be used to validate the data. Data will be validated, as appropriate, 
based on holding times, initial calibration, continuing calibration, blank results, and other QC sample 
results. The process includes these steps: 

reviewing data for compliance with contract provisions; 

reviewing data collection and analysis methods for conformance with established criteria such as the 
S A P ,  the QAPP, and the latest revision of the EPA SW-846 Test Methods ( 1  994); and 

eliminating obvious errors by checking data for proper sample identification, transmittal errors, 
internal consistency, and temporal and spatial consistency. 

8.2.3 Data Assessment 

The data assessment process will be performed to determine whether the total set of environmental 
measurements data available to the project satisfies the requirements of the project DQOs. Data 
assessment will be performed by the TS project team. The evaluation is concerned with the set of all data 
collected during a project or phase of a project that is intended for use in characterization, risk 
assessment, or remedial action decisions. 

Environmental measurements data must have completed the verification and validation phases before 
being assessed. The verification and validation of any existing data before assessment is required 
whenever possible, but the validation activity may not be possible for some existing data, given previous 
deliverable requirements. All QC data from a project or phase of a project are reviewed to evaluate the 
quality of the data. The total set of data for the project is reviewed for sensitivity and PARCC parameters. 

An integral component of the data assessment process is the comparison of measurement results 
against the DQOs to determine if the data meet or exceed the “level of certainty” required for decision- 
making purposes. The field and analytical results are evaluated to see if the requirements determined by 
the DQO process were met by the sampling and analysis activities. A final determination of the usability 
of the data is made by the M&I Contractor Subcontract Technical Representative (STR) or designee. Data 
qualifiers are assigned to indicate the usability of the data for meeting project requirements. 

8.3 DATA REPORTING 

The fixed-base laboratories are required to report data in accordance with applicable DOE or BJC 
procedures. Data deliverables will be reported in a format that fulfills the requirements of these procedures. 
Two copies of each data package will be required. Equivalent information in accordance with these 
procedures will be reported for radionuclides and other parameters in accordance with these procedures. 

For this project, all laboratory analyses will include definitive deliverables. For data presented with 
definitive deliverables, the laboratory will provide complete data packages, which exclude all raw data 
(formerly Level C). 
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9. INTERNAL QUALITY CONTROL CHECKS 

SOPS are used for all routine sampling operations. Field QC sampling will be conducted to check 
sampling and analytical accuracy and precision for laboratory analyses of the original samples. If 
contaminants are found in the blanks, attempts will be made to identify the source of contamination, and 
corrective action will be initiated in accordance with Sect. 13 of this QAPP. The laboratory analyzing the 
samples also will include QC samples in accordance with the analytical method and the appropriate M&I 
Contractor procedures. These samples will be discussed in the laboratory’s QA plan. 

The QC field samples and frequencies summarized in this section will be used for this task. All QC 
samples will be shipped according to the chain-of-custody procedures specified in the S A P  of the TWSP. The 
types of QC samples used in this study are described in the following text. 

9.1 FIELD QUALITY CONTROL SAMPLES 

Field QC samples will have sample numbers as described in the S A P  of the TSWP. Duplicates will 
be submitted as “blind” to the laboratories. These samples will be analyzed for the parameters of interest; 
the results will be included in the analytical report. 

A preservative blank is prepared by putting analyte-freelorganic-free water in the container and 
then presenting the sample with the appropriate preservative. A preservative sample will be analyzed 
at the beginning and end of the sampling program. 

A trip blank consists of a sealed container of ASTM Type II water that travels from the field to the 
laboratory with the samples to be analyzed for VOCs. The trip blank receives the same treatment as do 
sample containers and, therefore, identifies contamination that may have entered the field samples during 
transport. One trip blank will be placed in each cooler containing samples to be analyzed for VOCs. 

A field blank serves as a check on environmental contamination at the sample site. Distilled, 
deionized water is transported to the site, opened in the field, transferred into each type of sample 
bottle and returned to the laboratory for analysis of all parameters associated with that sampling 
event. It is also acceptable for field blanks to be filled in the laboratory, transported to the field, and 
then opened. Field blanks may be used as a reagent blank, as needed. Field blanks will be collected 
at a frequency of 1 in 20 samples (5%) for each sample matrix. 

An equipment blank or rinseate sample is a sample of deionized water passed through or over 
decontaminated sampling equipment. Equipment blanks are used as a measure of decontamination 
process effectiveness and are analyzed for the same parameters as the samples collected with the 
equipment. Equipment blanks may also be used as reagent blanks, as needed. Equipment blanks are 
required only when nondisposable equipment is being used. Equipment blanks will be collected at a 
frequency of 1 in 20 samples (5%). 

One field duplicate is collected for every 10 samples (1 0%) to determine whether the field sampling 
technique is reproducible. The field duplicate is collected from one sampling location, placed in a 
separate set of containers, and labeled with a different sample number. 

A source water blank is a sample of the deionized and/or potable water sources used for the project. 
These samples are collected at the beginning of the project and monthly if the project will be of long 
duration. Source water blanks are used to demonstrate that the source water is not contaminated. 
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9.2 ANALYTICAL LABORATORY QUALITY CONTROL SAMPLES 

Analytical laboratory QC samples will be analyzed as required by the analytical method for the 
parameters of interest; the results will be included in the analytical report. 

Matrix spike (MS)/matrix spike duplicate (MSD) samples require the collection of additional sample 
volume for aqueous samples. The laboratory splits the samples into duplicates and adds predetermined 
quantities of stock solutions to them before extraction and analysis. Percent recoveries are calculated to 
assess accuracy. Relative Percent Differences are calculated to assess analytical precision. MS/MSD 
samples will be analyzed at a frequency of 1 for every 20 samples (5%) for organic parameters. For 
inorganic parameters, a laboratory duplicate will be analyzed instead of an MSD. 

10. AUDITS AND SURVEILLANCES 

Audits and surveillances are conducted regularly by M&I Contractor QA staff to do the following: 

check for adherence to the QNQC requirements specified in the project documents; 

evaluate the procedures used for data collection, data handling, and project management; 

0 verify that the QA program developed for this project is being implemented according to the 
specified requirements; 

assess the effectiveness of the QA program; and 

verify that identified deficiencies are corrected. 

Specific procedures for scheduling and performing audits and surveillances are given in BJUOR-43. 

The RAAS Contractor Quality Manager is responsible for defining audits and surveillances and will 
perform or assign them according to a quarterly schedule that coincides with appropriate activities on the 
project schedule and sampling plans. Scheduled audits and surveillances may be supplemented by 
additional ones for any of the following reasons: 

significant changes are made in the QAPP, 

it is necessary to verify that corrective action has been taken on a deficiency reported in a previous 
audit, or 

additional audits or surveillances are requested by the M&I Contractor STR. 

10.1 AUDITS 

Audits are qualitative reviews of project activity to check that the overall QA program is functioning. 
Audits should be conducted early in the project so that problems can be corrected quickly. However, 
various aspects could be included in the semiannual M&I Contractor independent assessments scheduled 
for April and September of each year, depending upon fieldwork. The audit involves the review of all 
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available and relevant project and contract documents and includes an evaluation of QC measures for 
office, field, and laboratory work. 

Office audits evaluate the following: 

record keeping, including appropriate available field documentation, training, problem prevention, 
corrective action, monthly reports, and other documentation of project work and QA measures; 

preparation of deliverables specified in the work plan; 

proper technical and QA review of documents; 

QA systems and data validation; and 

filing and storage of documents in the central files. 

One office audit will be conducted shortly after the initiation of fieldwork. The RAAS Contractor will 
provide results of the office audit to the M&I Contractor QA Manager. 

Field audits examine the following procedures: 

cleaning, decontamination, and storage of sampling equipment and containers; 
sample collection, preservation, custody, and shipping procedures; 
preparation and frequency of collection of QC samples; 
calibration, operation, and maintenance procedures; and 
documentation of field activities in the field logbook or on appropriate data forms. 

No field audits are planned for this task. However, periodic field surveillances will be conducted. 

10.2 SURVEILLANCES 

Surveillances follow the same general format as an audit but are less detailed and require a less 
formal report. A surveillance is designed to give project staff rapid feedback concerning QA compliance 
and facilitate corrective action. 

For this project, one field surveillance is planned shortly after field mobilization. Additional field 
surveillances will be conducted approximately every 4 to 6 weeks of fieldwork or at critical milestones. 
The following activities and documentation will be subject to surveillance: 

monitoring well installation, 
groundwater sampling, 
decontamination, 
chain of custody, 
field documentation, 
field training records, 
equipment calibration, and 
field QC procedures. 
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Other periodic surveillances may be scheduled by the RAAS Contractor QA Manager. The M A S  
Contractor will provide results of the field surveillances to the M&I Contractor QA Manager. The M&I 
Contractor also may perform periodic surveillances. The surveillances will be integrated between the 
RAAS Contractor and the M&I Contractor QA Managers to minimize duplication of effort. 

11. PREVENTIVE MAINTENANCE 

Periodic preventive maintenance is required for all sensitive equipment. The troubleshooting sections 
of factory manuals will be available to personnel performing maintenance tasks. The frequency of 
preventive maintenance for field equipment will be performed in accordance with the RAAS Contractor’s 
approved procedures manual. The RAAS Contractor’s Preventative Maintenance Procedures will be 
reviewed for consistency with M&I Contractor procedures before implementation. In addition, the RAAS 
Contractor will indicate when routine maintenance checks are necessary so that failures in the field can be 
minimized. A list is maintained of the critical spare parts that should be stocked to minimize equipment 
downtime. Specific field equipment preventive maintenance practices, frequencies, and spare parts are 
described in the factory manual for each instrument. 

Preventive maintenance procedures for laboratory equipment and instruments are provided in 
laboratory QA plans. All maintenance activities will be recorded in maintenance logs. Laboratories will 
be required to maintain an adequate inventory of spare parts and consumables to prevent downtime as a 
result of minor problems. 

12. SPECIFIC ROUTINE PROCEDURES TO ASSESS DATA PRECISION, 
ACCURACY, AND COMPLETENESS 

The precision, accuracy, and completeness parameters are quantitative tools by which data sets can 
be evaluated. These parameters can help ensure that DQOs are met. Procedures for assessing them are 
provided in the following text. 

12.1 PRECISION 

To determine the precision of the laboratory analysis, a routine program of replicate analyses in 
accordance with the analytical method requirements is performed by the laboratory. The results of replicate 
analyses are used to calculate the relative percent difference, which is used to assess laboratory precision. 

For replicate results C1 and C2 

Relative Percent Difference = /C,-C2/ x I00 
K&j 

2 

The precision of the total sampling and analytical measurement process will be assessed based on 
field duplicates. Although a quantitative goal cannot be set due to field variability, the RAAS Contractor 
will review field duplicate relative percent difference values to estimate precision. 
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12.2 ACCURACY 

To determine the accuracy of an analytical method and/or the laboratory analysis, a periodic program 
of sample spiking is conducted (minimum 1 spike and 1 spike duplicate per 20 samples). The results of 
sample spihng are used to calculate the QC parameter for accuracy evaluation, the percent recovery (% R). 

For surrogate spikes and QC samples: 

where 
C, = measured spiked sample concentration (or amount), 
C, = true spiked concentration (or amount). 

For matrix spikes: 

where 
C, = measured spiked sample concentration, 
C,  = sample concentration (not spiked), 
C, = true concentration of the spike. 

The accuracy of the total sampling and analytical measurement process will not be determined 
because such a determination would require the addition of chemical spiking compounds to the samples 
in the field. 

12.3 COMPLETENESS 

To determine the completeness of data, the percentage of valid, viable data obtained from a 
measurement system is compared with the amount expected under normal conditions. The goal of 
completeness is to generate a sufficient amount of valid data to satisfy project needs. 

Completeness (C) is calculated as follows: 

% C = Number of valid measurements x I00 
Number of total measurements 

13. NONCONFORMANCES AND CORRECTIVE ACTION PROCEDURES 

13.1 NONCONFORMANCES 

Nonconforming equipment, items, activities, and conditions and unusual incidents that could affect 
compliance with project requirements will be identified, controlled, and reported in accordance with 
SAIC QAAP 15.1, “Control of Nonconforming Items and Services.” The FTM or Project Manager 
initiates the nonconformance reporting and corrective action process by completing a Nonconformance 

- .  -~ 
I _ )  . -  
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Report, shown in Fig. R.2. Nonconforming equipment will immediately be labeled or tagged and 
segregated, if possible. Specific procedures for controlling nonconforming items will be described in 
RAAS Contractor’s approved QA Manual. 

13.2 CORRECTIVE ACTION 

The M&I Contractor corrective action system is described in BJUOR-43. This procedure requires 
that conditions adverse to quality be identified and documented and that corrective action be taken and 
verified. Specific procedures for controlling nonconfonning items and the corrective action systems of the 
subcontractor laboratories are contained in the respective laboratory QA plans. Other team subcontractors 
are required to follow equivalent corrective action procedures. 

Each project team member is responsible for notifying the FTM, the Project Manager, the QA staff, 
or other responsible persons if he/she discovers a condition that may affect the quality of the work being 
performed. The following staff members have specific corrective action responsibilities. 

RAAS Contractor Site Manager-Overall responsibility for implementing corrective actions. 

0 RAAS Contractor Quality Manageravera l l  responsibility for tracking and accepting corrective 
actions. 

RAAS Contractor Project Manager-Implementing task-specific corrective actions. 

RAAS Contractor FTM-Identifying and implementing corrective actions during field activities. 
Notifying the Project Manager and QA staff of conditions not immediately corrected. 

M&I Contractor Sample Management Office-Identifying and implementing corrective action 
during analysis. Notifying the Project Manager and QA Specialist when applicable acceptance criteria 
or DQOs are not satisfied. 

Immediate corrective actions will be noted in task notebooks. Problems not immediately corrected 
will require formal corrective action as described in the Paducah RAAS QAPP. 

14. QA REPORTS TO MANAGEMENT 

All levels of the RAAS Contractor’s QA team are responsible for preparing QA reports, including 
these: 

Monthly QA Staff Reports. The RAAS Contractor’s QA Manager will submit a monthly activity 
report to the M&I Contractor STR with a copy provided to the M&I Contractor QA Specialist. Each 
report will summarize: 

- QA activities during the reporting period, 
- system and performance audits conducted (internal and external), 
- quality problems found, and 
- corrective actions initiated. 
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DATE OF NCR NCR NUMBER 

YES NC 
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PAGE OF 
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I 
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PROGRAM 
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504964 
00-1 97(d0~)/083 101 

DESCRIPTION OF NONCONFORMANCE 

Fig. B.2. Nonconformance Report Form. 

B-34 

CATEGORY 



Audit, Surveillance, and Inspection Reports. The results of each QA audit, surveillance, or 
inspection will be documented in a report that is distributed within 30 working days of the action. 

QA Sections in Project Reports. All reports that present measurement data generated during the 
work assignment must include a QA section addressing the quality and limitations of the data. At a 
minimum each QA section will address the following: 

- precision, accuracy, and completeness achieved for reported measurement data in relation to 
goals for these indicators; 

- results of audits or surveillance of the measurement work; 

- quality problems found and corrective actions taken; and 

- deviations from the SAP and QAPP. 

All reviews and document checks will be documented. Deliverables produced for this project will be 
subject to three reviews. 

The technical review, performed by senior professionals who have not been involved in project 
management or data collection activities, ensures that technical statements, conclusions, and 
recommendations are justifiable and defensible. 

The QA review, conducted by QA staff, ensures that QNQC requirements have been addressed. 

The final review, performed by the Project Manager, ensures that the document addresses all 
contractual requirements. 

15. QUALIFICATIONS AND TRAINING OF PERSONNEL 

Personnel assigned to the project, including field personnel and subcontractors, will be qualified to 
perform the tasks to which they are assigned. Resumes of project personnel will be provided to M&I 
Contractor to document their training and experience. In addition to education and experience, specific 
training may be required to qualify individuals to perform certain activities, see Table 1, Training Matrix, 
of the Environmental, Safety, and Health Plan (ES&HP). Training will be documented on appropriate 
forms, which will be placed in the project file. Project personnel will receive an orientation to the TSWP, 
the ES&HP, and the QAPP, as well as to their responsibilities before participating in project activities. A 
field planning meeting will be the forum for the orientation. All field personnel will be required to read 
and familiarize themselves with the S A P ,  QAPP, and ES&HP before completing any work at the site. All 
sampling procedures will be performed in compliance with the TSWP. A copy of the following 
documents will be available to all field personnel while in the field: 

the Paducah RAAS QAPP; and 
the TSWP, which include these; 
- the S A P  (Appendix A), 
- the QAPP (Appendix B), 
- the Data Management Plan (Section 7 of TSWP) 
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- the ES&HP (Appendix C), and 
- the Waste Management Plan (WMP) (Appendix D). 

At a minimum, records of required reading reports and attendance lists will be maintained. 

16. FIELD CHANGES 

BJWOR-43 requires that field changes be governed by control measures commensurate with those 
applied to the documentation of the original design. The procedure for controlling field changes is 
discussed in the following text. 

Major changes from approved field operating procedures or project scope, cost, or schedule will be 
documented on a field change request form, shown in Fig. B.3. The FTM will initiate and maintain 
the field change request forms. 

Each field change request form requires the approval of the M&I Contractor STR before work 
proceeds. Weekly quality status reports serve as the mechanism for notifying the QA staff of field 
changes. The M&I Contractor QA Manager must approve changes related to quality and receive 
copies of field changes. Approval by the M&I Contractor STR can be initiated verbally via 
telephone, with follow-up sign-off. In no case will a subcontractor initiate a field change. If a field 
change is proposed by the client, it will be so recorded. Copies of the field change request forms will 
be kept on-site until the fieldwork is complete and then will be transmitted to the project files. 

Variances or minor changes to field operating procedures will be documented in the field logbook 
and included in a variance log. The variance log will be used to track the type of variance and the 
logbook in which the variance was reported. 

If deemed necessary, the work plan, S A P ,  QAPP, ES&HP, or other relevant documents will be revised, 
reviewed, approved, and reissued with control measures commensurate with the original documents. 
The M&I Contractor STR must approve each field change request form before work proceeds. 

Specific additional requirements for field changes such as required PGDP approvals will be addressed 
in contractual documentation between PGDP and its implementing subcontractor. The M&I Contractor 
QA Specialist must approve all field changes that impact the quality of the project before work proceeds. 

17. DOCUMENT CONTROL AND RECORDS MANAGEMENT 

Document control and records management are addressed in the Data Management Plan, Section 7 
of the SPH TSWP. 
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FIELD CHANGE REQUEST FORM 

Change No.: 

Requested By: 

ContractITask No. 

Applicable Document 

Applicable Section 

Circle: MAJOR / MINOR Change 

Description of change impact: 

Date: 

Task Manager: 

Reason for change: - 

Estimated cost: 

Approved by: (Field Task Manager) 

Approved by: (BJC CE) 

Approved by: (BJC STR) 

Approved by: (BJC QA Specialist) 

PADUCAH GASEOUS DIFFUSION PLANT 
Paducah, Kentucky 

cc: Robert Pratt, Bechtel Jacobs Company LLC 
Lance Fleming, Bechtel Jacobs Company LLC 

Date: 

Date: 

Date: 

Date: 

Fig. B.3. Field Change Request Form. 
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EXECUTIVE SUMMARY 

This environmental, safety, and health plan (ES&HP) establishes the specific applicable standards 
and practices to be used during execution of the Six-Phase Heating (SPH) system. 

This ES&HP incorporates directly or by reference the applicable provisions of Exhibit G- 
Environmental, Safety, and Health Requirements, the Science Applications International Corporation 
(SAIC) Environmental Compliance & Health and Safety (EC&HS) Program, federal and state standards, 
and pertinent consensus standards. This ES&HP is developed and implemented in accordance with 29 
Code of Federal Regulations 1926.65, Hazardous Waste Operations and Emergency Response. 
Additional specific health and safety (HS) requirements will be incorporated into this work plan for the 
various field activities that comprise the SPH systems through completion of activity hazard assessments. 
The requirements of the ES&HP and related addenda apply to SAIC and lower-tier subcontractors. 

As “lessons learned” are incorporated, this ES&HP will evolve to improve work processes 
continuously while maintaining focus on the functions and guiding principles of the Integrated Safety 
Management System and the zero-accident performance philosophy. 

SAIC will implement an SPH system treatability study involving the installation of wells for 
contaminant extraction and placement of seven electrodes into the soil at the southeast corner of the 
C-400 Building and the construction and operation of the heating/extraction/treatment system. The SPH 
system will be used in a pilot test for removing trichloroethene (TCE) in the subsurface. The TCE is 
believed to be the source of contamination of the groundwater plume at the site. (References Exhibit G 
matrix; Integrated Safety Management System Items I and 2.) 
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1. INTRODUCTION 

This environmental safety and health plan (ES&HP) has been developed for the Six-Phase Heating 
(SPH) system to comply with applicable Occupational Safety and Health Administration (OSHA) 
Hazardous Waste Operations and Emergency Response (HAZWOPER) and other federal occupational 
safety and health requirements, including those of the U.S. Department of Energy (DOE). This ES&HP 
establishes umbrella radiological, health and safety (HS) requirements and information applicable to 
Bechtel Jacobs Company LLC (BJC) operations. 

This ES&HP is available to SPH participants in written and electronic forms. The term “SPH 
participants” refers to anyone performing SPH work, including the Science Applications International 
Corporation (SAIC) team, its subcontractors and their lower-tier subcontractors, consultants, and agents. 
It is SAIC’s intent to perform this work in accordance with SAIC’s Integrated Safety Management 
System (ISMS) and its Environmental Compliance and Health and Safety policy statement, which 
establishes a goal of zero accident performance. The SAIC Environmental Compliance & Health and Safety 
Program supplements this document. (References Exhibit G matrix; ISMS Item 2.) 

2. SCOPE AND APPLICABILITY 

SPH systems have been demonstrated to remove volatile and semivolatile contaminants effectively 
from soils. To implement the technology, soil vapor extraction and electrode wells are drilled into the 
contaminated zone, and electrodes are placed in the ground surrounding the contaminated region. Each 
electrode is connected to a separate transformer to provide it with a separate current phase. The electrode 
spacing and the connected electrical phases are both 60” apart, resulting in a uniform ratio of voltage 
difference to the physical distance between all electrodes in the array. A seventh, neutral electrode is 
located at the center of the array. 

When electrical power is delivered, current conducts through the soil moisture, which heats the soil 
resistively. This heating volatilizes contaminants and water in the soil (producing steam), effectively 
steam-stripping contaminants in situ. The volatilized contaminants and steam are then removed by 
soil-vapor extraction wells and are treated above ground. This process results in accelerated and more 
complete removal of target contaminants from soil and groundwater compared to conventional soil-vapor 
extraction and does not require major excavation. 

The only additive required for SPH is water, which normally is added to the vadose-zone soil 
surrounding the electrodes during operation. This prevents the soil adjacent to the electrodes from drying 
out and becoming nonconductive. However, some aquifers contain sufficient moisture to keep the 
electrodes conductive throughout the operation. 

The components required to implement SPH are electrodes, vapor extraction wells, an off-gas collection 
and treatment system (including piping, a blower, a condenser, and treatment unit), an SPH power supply 
used to condition power for application to the soil, and a computer control/data acquisition system. A 
schematic of the system is presented in Fig. 2.1 in the SPH Treatability Study (TS) Work Plan. Throughout 
the operation, continuous remote control of power via personal computer maintains optimum power delivery. 

The volatile contaminants are collected and processed in an off-gas treatment unit. As the soil is 
cleaned, contaminant concentrations in the off-gas decrease. When both off-gas and groundwater contaminant 
concentrations reach acceptable levels (site and contaminant specific), the demonstration is terminated. 
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SPH is implemented in arrays of six electrodes arranged in a hexagonal pattern around a central 
neutral electrode. An array can be as large as 14 m (45 ft) in diameter, effectively heating a 19-m- (63-ft-) 
diameter region of soil. To treat large volumes of soil, several arrays are operated simultaneously, or the 
heated regon can extend to a great depth [up to 61 m (200 ft) below ground surface]. The maximum 
volume of soil treated is governed by the power delivery capability of the SPH transformer [i.e., 
10,000 m3 (12,000 yd3) of soil can be treated with a 1250 kW power supply]. For the Paducah Gaseous 
Diffusion Plant (PGDP), the SPH system is expected to treat approximately 3000 m3 (3400 yd3). 

The field tasks to be performed include the following: 

mobilization of drilling equipment, 
installation of electrode and soil gas extraction wells, 
demobilization of drilling equipment, 
mobilization of off-gas treatment unit, 
installation of electrodes, 
construction of off-gas treatment unit and connection of electrodes and soil gas extraction well, and 
operation of SPH. 

The SAIC team acknowledges that potential hazards are inherent to the perfonnance of SPH field 
operations conducted at the PGDP. To control these hazards the SAIC team will make every effort to 
identify the hazards associated with each task and develop controls to remove or minimize these hazards. 
Should any condition change beyond the scope of existing controls, new controls shall be developed and 
documented, and training of affected team members shall be conducted. Accordingly, the SAIC team 
expects that SPH work will be conducted in a safe and healthful manner that minimizes the threat and 
occurrence of hazards to health, property, and the environment to as low as reasonably achievable 
(ALARA) levels. SPH participants are responsible for conducting work in accordance with applicable 
federal, state, and local regulations and DOE and BJC requirements. 

The SAIC team shall comply with the ES&HP, any approved revisions to the ES&HP, the SAIC 
programs, and any site-specific plans and procedures that have been approved by BJC in relation to the 
work. Individuals performing SPH operations shall keep the ES&HP readily available for reference. 
Where there is concern that implementation of work orders or HS requirements would conflict with 
contract terms or could unreasonably compromise the safety or health of an individual or the environment, 
such concerns should immediately be brought to the attention of the subcontract technical representative 
(STR) and the site safety and health representative (SSHR). All SPH participants are authorized to 
immediately stop any SPH activity that poses unreasonable risk to persons or the environment. (References 
Exhibit G matrix; ISMS Items I and 2.) 

3. INTEGRATED SAFETY MANAGEMENT 

SAIC will pursue its goal of zero accident performance through project-specific implementation of 
its ISMS. Project-specific implementation of this system is illustrated in Table C. 1. 
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Table C.1. Implementation of ISMS 

1. 

2. 

3. 

4. 

5 .  

6 .  

7. 

8. 

9. 

Management commitment and leadership. 
Subcontractor management’s commitment to 
achieving and sustaining zero accident performance 
and zero unpennitted discharges or releases with 
respect to the environment. 

Define scope of work. Subcontractor’s process for 
translating the subcontractor scope of work into 
specific work activities (tasks). 

Hazards associated with scope of work. 
Subcontractor shall define the process to identify 
and analyze hazards associated with the scope of 
work. 

Develop and implement hazard controls. 
Subcontractor’s process for identifLing applicable 
standards and requirements in order to effectively 
control hazards associated with the scope of work. 

Define the process to implement standards and 
requirements. Subcontractor shall describe how 
work will be performed in accordance with 
identified standards and requirements. 

Identify the process for reviewing, addressing, and 
communicating lessons learned. Subcontractor 
shall define the process for reviewing, addressing, 
and communicating lessons learned as part of their 
program implementation and flow down of 
requirements. 

Identify the process of worker feedback and 
continuous improvement. Subcontractor shall 
identify the process for collecting and managing 
the feedback information, identifying continuous 
improvement opportunities, implementing 
corrective actions, and assuring worker 
participation in continuous improvement 
opportunities. 

Approach for flow down of ES&HP requirements. 
Subcontractor shall identify the process to ensure 
that applicable ES&HP requirements flow down to 
all employees and lower-tier subcontractors. 

Subcontractor selection (ES&H) process. 
Subcontractor shall identify the ES&H criteria they 
will use when selecting lower-tier subcontractors. 

Line management responsibility for ES&H is specified 
in Sect. 4 of the ES&HP. 

The scope and methods of accomplishment are described 
in the project work plan and in Sect. 1 in the ES&HP. 
The project scope will be reviewed in the SAIC 
readiness review. The project scope will be discussed 
during project kick-off and in site-specific training 
required by Sect. 13 of the ES&HP. 

The hazards and relevant controls associated with this 
scope are presented in the AHAs attached to the 
ES&HP. These AHAs will be presented as part of site- 
specific training. 

The relevant standards have been identified in a Work 
Smart Standards Crosswalk attached to the ES&HP 
(Attachment H). Requirements to implement are 
presented in Sect. 4 of the ES&HP. 

Section 4 of the ES&HP presents the responsibilities to 
ensure that work is performed in accordance with 
requirements. The AHAs attached to the ES&HP 
incorporate the relevant requirements of the applicable 
standards and requirements. 

On a project level, lessons learned will be raised and 
discussed in the daily safety briefings. The lessons 
learned approach identified in Sect. 18 of the SAIC QA 
Program document will be used to promulgate lessons 
learned. 

Worker feedback is part of the daily safety briefings 
required in Sect. 13 of the ES&HP. The lessons learned 
approach identified in Sect. 18 of the SAIC QA Program 
document will be used to promulgate lessons learned. 

ES&HP requirements have been incorporated into 
subcontract requirements. In addition, the field manager 
and SSHR will directly oversee on-site work to ensure 
safe performance. 

SAIC Remedial Action Assessment Subcontract team 
members were screened to ensure they meet BJC ES&H 
criteria. Project-specific subcontractors’ qualifications 
include prior experience and concurrent operation on the 
Paducah facility. 
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Table C.l. Implementation of ISMS (continued) 

10. Compliance, responsibility, and accountability. 
Subcontractor shall define process to ensure that line 
management is responsible and accountable for 
ES&H performance and compliance with all 
applicable regulatory and subcontract requirements. 

ES&H incentives. Subcontractor shall describe the 
process to measure ES&H performance and 
provide recognition for meeting andor exceeding 
established goals. 

1 1. 

Section 4 of the ES&HP specifies the ES&H 
responsibilities of the project manager and the field 
manager. It is SAIC’s standard policy that managers are 
responsible for the safe execution of their work. 

SAIC has an established bonus program applicable to 
exceptional performance in any field. In addition, as an 
employee-owned company, all SAIC personnel are 
stockholders. This arrangement leads to a very high level 
of employee empowerment and motivation. 

AHA = activity hazard assessment 
BJC = Bechtel Jacobs Company LLC 
ES&H = environmental, safety, and health 
ES&HP = environmental, safety, and health plan 

QA = quality assurance 
SAIC = Science Applications International Corporation 
SSHR = site safety and health representative 

4. ROLES, RESPONSIBILITIES, AND AUTHORITY 

The general policies and personnel roles, responsibilities, and authorities provided in this section 
have been established to clarify expectations of TS participants and to comply with BJC, SAIC, and 
OSHA HAZWOPER requirements [29 Code of Federal Regulations (CFR) 1926.65(b)(2)]. Table C.2 
outlines roles and contact information. (References Exhibit G matrix; ISMS Items I and 10.) 

Table C.2. Roles and Contact Information 

Role Telephone Contact 
PGDP PSS (270) 441-621 1 
DOE Project Manager 
BJC STR 
BJC safety advocate 
BJC health physics 
SAIC project manager 
SAIC site safety and health rep. 
SAIC field manager 
SAIC field supervisor 
SAIC field oDerations manager 

(270) 441-6831 
(270) 44 1-5060 
(270) 441-5227 
(270) 441-5123 
(270) 462-4554 
(270) 462-4544 
(270) 462-3883 
(270) 559-3332 
(270) 5 19-74 15 

Gary Bodenstein 
Robert Pratt 
Mike Baker 
Kelly Ausbrooks 
Eric Morti 
Mike Crenshaw 
Jeff Douthitt 
Virginia Mullins 
Jim Ballard 

BJC = Bechtel Jacobs Company LLC 
PGDP = Paducah Gaseous Diffusion Plan 
PSS = plant shift superintendent 

SAIC = Science Applications International Corporation 
STR = subcontract technical representative 

4.1 SAIC PROGRAM MANAGER 

The program manager has overall responsibility and authority to direct the technical, management, cost, 
and contractual matters related to the Remedial Action Assessment Subcontract (RAAS). The program 
manager is ultimately responsible for the safety and health of employees performing proj ect-associated 
activities on the site. 
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Specific responsibilities will include, but not be limited to, the following: 

serves as primary point of contact with BJC STR, 

0 identifies required environmental, safety, and health (ES&H) needs and ensures that project staff are 
trained in requirements, 

implements and enforces the ES&H plan, activity hazard assessments (AHAs), and other addenda, 

0 serves as consultant on safety-related matters with the site supervisors, safety and health manager, 
and SSHR, 

participates with the site supervisors, safety and health manager, and SSHR in investigations or 
disciplinary actions for violations of the ES&H plan, and 

ensures that the ISMS philosophy is a communicated to every SAIC team member. 

4.2 SAIC CORPORATE SAFETY AND HEALTH OFFICER 

The corporate safety and health officer has the following responsibilities and authorities for the RAAS: 

reviews and approves all project HS plans, 
oversees implementation of project HS plans and procedures, 
oversees corporate ES&H surveillances and audits, and 
directs and mentors safety and health manager. 

4.3 SAIC SITE SAFETY AND HEALTH REPRESENTATIVE 

The SSHR will be responsible for reviewing and authorizing the ES&HP, the AHA, and any and all 
changes made to these plans. The SSHR will be responsible for the implementation of the ES&HP/AHA, will 
serve as the point of contact for all health-and-safety-related matters, and will provide technical information 
regarding health and safety to site personnel. This individual will also oversee site activities with respect to 
health and safety issues and will stop work if conditions are determined to be detrimental to site personnel. 

The SSHR has the following responsibilities and authorities for the RAAS: 

during field work, conducts daily (documented) HS inspections of the SAIC team’s work activities 
- and joint weekly inspections with the BJC safety advocate; 

stops work and removes SAIC team personnel from the site if the safety or health of the SAIC team 
personnel, other site personnel, or third parties is jeopardized by work activities; 

provides project-specific training for new employees and visitors; 

implements applicable HS procedures; 

maintains systems to inform personnel on how to respond to emergency warning systems for the 
project (including evacuation alarms, accountability rosters, assembly points, etc.); 
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4.4 

during fieldwork activities, participates in plan-of-the-day meetings; 

ensures that the first-aid kits are kept current; 

ensures that proper chemical and safety postings are in place and legible; 

ensures that all operations are conducted so as to mitigate adverse environmental impacts (e.g., spill 
containment, erosion control, etc.); 

maintains the hazard communication program [including material safety data sheets (MSDSs), 
training, etc.]; 

evaluates the site for any hazards not identified in the AHA, initiates safety measures required to 
protect personnel, and revises documents accordingly; 

maintains programs required to mitigate hazards identified in AHA; 

maintains first-aid logs, reports accidents and injuries through the appropriate channels, and conducts 
accidentlincident investigations as required, including the completion of appropriate forms; 

coordinates with off-site emergency responders and medical service organizations to establish required 
services and verify that phone numbers, addresses, and contacts are current and accurate; and 

ensures that the ISMS philosophy is used for the project. 

SAIC FIELD SUPERVISOR 

The field supervisor (FS) is the on-site line manager of the field team. He/she oversees the work of 
one or more supervisors of the field team and the team members. 

Specific HS responsibilities of the FS, or hisher delegate, include the following: 

ensuring that all known tasks and associated hazards, protective controls and personnel have been 
identified sufficiently (e.g., in the ES&HP); 

ensuring that each concerned party has reviewed the ES&HP for accuracy and adequacy, also ensuring 
that review comments are resolved and that the ES&HP is signed before any field activities are begun; 

ensuring that provisions of the ES&HP, any supplements, and other applicable HS regulations are 
current and implemented for SPH field operations; 

ensuring that only field team members and support personnel qualified in accordance with applicable 
HS requirements are used to perform SPH work, and that only qualified individuals are allowed 
access to site locations or operations where potential hazards exist; 

ensuring that field team members attend HS briefings and daily HS tailgate meetings; 

ensuring that necessary permits have been obtained before commencing field operations; 

ensuring that the necessary preventive planning and employee training for emergency situations has 
occurred before beginning field operations; 
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0 conducting necessary inspections; and 

showing leadership in the flow down of the ISMS philosophy. 

4.5 SAIC TEAM FIELD TEAM MEMBERS 

Field team members are responsible for performing work in a safe and healthful manner. They are 
responsible for abiding by requirements of the ES&HP, any supplements, and other applicable HS regulations 
and procedures, and for fulfilling and maintaining their individual training and medical surveillance 
requirements. If there is concern that implementation of work orders or HS requirements would unreasonably 
compromise the safety or health of an individual or the environment, such a concern should be brought to 
the attention of an immediate supervisor, the SSHR, or the FS. Field team personnel involved in the on- 
site execution of the construction activities are responsible for the following: 

0 

0 

0 

0 

0 

0 

0 

0 

4.6 

taking all reasonable precautions to prevent injury to themselves and to their fellow employees, 
being alert to potentially harmful situations; 

performing only those tasks for which they have been trained and believe they can do safely, and 
immediately reporting any accidents and/or unsafe conditions to the SSHR and/or the line managers; 

notifying the SSHR of any special medical conditions (i.e., allergies, contact lenses, pregnancy, 
diabetes) and, if necessary, ensuring that all on-site personnel are aware of the condition; 

preventing spillage to the extent possible and, in the event spillage occurs, containing the spillage 
and cleaning up immediately using safe cleanup measures as directed by the SSHR; 

practicing good housekeeping by keeping the work area neat, clean, and orderly to the extent possible; 

reporting all injuries; 

abiding by requirements of this ES&HP and all applicable radiologcal work permit (RWP) requirements; 
and 

following ISMS philosophy by informing the project management of any safety/process improvement 
opportunities . 

RADIOLOGICAL CONTROL ORGANIZATION (RADCON) 

BJC will develop controls for radiological hazards associated with project tasks. These controls will 
be documented in RWPs. BJC’s radiological control subcontractor will provide support in the field by 
providing radiological control technicians (RCTs) to implement these RWPs. The RADCON 
responsibilities include the following: 

preparing and closing out RWPs; 

0 stopping work activity and revising the site RWP when the radiological controls required do not 
provide adequate worker protection or contamination control; 
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providing guidance on radiological decontamination of equipment and personnel; and 

performing radiological surveys as needed. 

4.7 SITE VISITOR 

A visitor (e.g., regulatory personnel, field auditors, etc.) is anyone who arrives at the work site who 
is not identified as a field team member or associated support personnel in the project-specific documents. 
When a visitor arrives, the FS or hisher delegate is to ascertain the purpose of the visit and inform the 
visitor( s) of any hazards, applicable protective controls, and the emergency response procedures relevant 
to the site visit. 

Visitors are not permitted to enter controlled work zones where access has been limited unless absolutely 
necessary. In such cases, the visitor shall be briefed, shall meet all applicable requirements of the ES&HP, 
and may need to be accompanied by an escort at the discretion of the SSHR. If a visitor does not comply with 
these requirements, the FS or SSHR, or hisher delegate, shall request the visitor to leave the controlled 
zone immediately or shall limit site operations to minimize threat of h a m  to the visitor (e.g., have the field 
team take a break, reset the zone boundaries if appropriate, or temporarily discontinue any threatening task). 

5. MEDICAL SURVEILLANCE 

Before the FS authorizes access to areas of the site where site controls have been established 
[e.g., exclusion zone (EZ), contamination reduction zone (CRZ), and OSHA-regulated areas], it must be 
verified that personnel entering such areas have a current certification of medical evaluation and clearance 
in compliance with OSHA, DOE, and BJC requirements. 

Copies of clearance documents will be maintained on-site. 

All personnel shall have a current HAZWOPER clearance on file before entering the EZ. 

All personnel that may be required to wear a respirator (including as an evacuation aid) shall have a 
current respirator medical release and current fit certification prior to entering the EZ. 

All personnel exposed to noise at greater than 85 dB shall receive annual audiograms. 

All personnel who have the responsibility of rendering first aid shall have cardiopulmonary resuscitation 
‘(CPR)/first aid, blood-borne pathogens training, and shall receive hepatitis B vaccinations or will have 
declined the vaccination. Records of this training will be kept on-site. 

All personnel required to submit a baseline bioassay by a RWP shall have done so before entering the 
radiological control area. 

6. HAZARD COMMUNICATION AND TRAINING 

OSHA Standard 29 CFR 19 10.1200, “Hazard Communication Standard,” requires that all employees 
handling or using hazardous materials or potentially hazardous materials be advised and informed as to 
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the hazard potential associated with those materials. This training will be documented, and additional 
information will be conveyed through the following items. 

6.1 MATERIAL SAFETY DATA SHEETS 

Copies of all MSDSs for chemicals brought on-site will be maintained on-site by the FS and will be 
readily available. Each employee is to be made aware of the location of the MSDSs. 

6.2 CHEMICAL INVENTORY 

A list of all chemicals brought on the site will be maintained by the FS. A hazardous material 
inventory system physical inventory form (including copies of MSDS forms) must be submitted to the 
BJC STR before operations begin and by the end of each month. 

6.3 LABELS 

It is the responsibility of the FS to ensure that all potentially hazardous materials brought to a project 
site are properly labeled [per 29 CFR 1910.12001 as to the contents of the container and the appropriate 
hazard warnings (including effects on target organs). 

6.4 PACKAGING, LABELING, HANDLING, TRANSPORT, STORAGE, AND DISPOSAL OF 
HAZARDOUS SUBSTANCES 

0 Requirements and procedures for packaging, labeling, handling, transport, and/or disposal of hazardous 
materials and wastes shall be specified in the site-specific waste management plan. 

Procedures shall meet applicable OSHA requirements of 29 CFR 1926.65, 1926.152, and applicable 
standard(s) in Subpart Z of 29 CFR 1926 or 1910 for the substance(s) that are deemed of 
occupational health concern in the AHA. 

Procedures also shall meet applicable U.S. Department of Transportation (DOT) requirements 
(49 CFR 106,107,130, and 171-180). 

Hazardous substances shall be transported in accordance with relevant DOT requirements (49 CFR), 
including certification and registration of drivers (49 CFR 107 Subpart G). 

0 Hazardous wastes shall be labeled, stored, and inspected in accordance with 40 CFR Subtitle C. 

7. SITE CONTROL MEASURES 

The necessary site-specific control measures shall be indicated in this ES&HP and the AHA(s), some 
of which are required by applicable DOE and OSHA standards (i.e., the OSHA HAZWOPER standard 
and 29 CFR 1910 and 1926 Subpart Z standards). Site maps required by OSHA shall also be included in this 
ES&HP (see Attachment D) for HAZWOPER projects to show the intended locations of the specified 
controlled access zones and support facilities. DOE states (DOE HS plan guidelines)] that, among other 
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items, site maps should include: (References Exhibit G matrix; ISMS Item 5, includes all of Sect. 7 Site 
Control Measures.) 

site perimeter, prevailing wind direction, and drainage points; 
natural and man-made features such as buildings, containers, impoundment, pits, ponds, and tanks; and 
locations of work zones and/or contamination containment barriers. 

Since some zone or facility locations may change as site work progresses, current locations of zones 
and decontamination stations must be explained to field team members and other affected personnel 
during HS tailgate meetings and documented. 

Descriptions of site controls shall indicate whether a zone or facility is restricted as a radiological control 
area, a radioactive materials management area, or an OSHA-regulated area, and the related access control 
and hazard posting requirements. Whether the location of a facility is centralized on-site or localized at 
multiple work areas on-site, the means for demarcating each zone, and other posting requirements, also shall 
be indicated. Postings must comply with applicable OSHA, American National Standards Institute (ANSI), 
and BJC Radiation Protection Program requirements. 

7.1 ENGINEERING AND ADMINISTRATIVE CONTROLS 

As a first line of defense, DOE and OSHA require that employers implement engineering and/or 
administrative controls to prevent and/or mitigate hazards and protect site personnel. Secondly, employers 
may require employees to use personal protective equipment (PPE). This section addresses the basic 
engineering and administrative control requirements with which SPH participants are required to comply. 
Guards and site-specific engineering and administrative requirements corresponding to the task-specific 
hazard assessments shall be included in the AHA. 

7.2 ACTIVITY HAZARD ASSESSMENT 

An AHA shall be prepared for each field activity (task) to be performed before the activity is 
conducted. Each hazard analysis shall be site-specific and have two essential components: ( 1) identification 
and assessment of the hazards associated with performing each task at each site, and (2) determination of 
the necessary and sufficient controls for preventing or mitigating the anticipated hazards and adequately 
protecting affected personnel. 

For each task to be performed at the project site, the hazards shall be identified and assessed by 
personnel experienced in the type of task to be performed to determine the associated qualitative probability 
of occurrence and the severity of injury/ illness expected to result. The assessment shall address the site- and 
task-specific hazards that could result fkom exposure to radiological, safety, biological, physical, and 
chemical hazards. Based on the hazard assessment, the corresponding protective and control measures are to 
be determined. The site- and task-specific hazard assessments and controls are to be incorporated into the 
ES&HP. (See Attachment A.) (References Exhibit G matrix; ISMS Items 2, 3, 4, and 5.) 

7.3 SITE-SPECIFIC PERMITS 

Safety and health work permits for work conducted will be issued by BJC. Permits that may be 
required include a safety and health work permit, RWPs, hot work, and excavatiodpenetration permits. 
The STR will coordinate implementation of the permit before performing field activities. The SAIC team 
will be fully aware of its responsibilities for work performance under these permits. 
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7.3.1 Applicability 

The folIowing permits and/or procedures apply as necessary to field operations: 

Excavation-TS participants are required to apply for a PGDP excavation permit in accordance with 
CP2-SH-IS 1045, “Trenching, Excavation, and Penetration Permit,” for any excavating (ground brealung) 
or trenching operation. Any such operations that will penetrate subsurface soil by greater than 6 inches in 
depth also will require completion of the AHA review process. Compliance with the PGDP electrical 
safety requirements (excavatiodpenetration permit) is required for any activity involving penetration or 
excavation into walls, ceilings, floors, masonry surfaces, slabs, ground surfaces, or other structures. 

Lockout/tagout of hazardous energy sources-As required by 29 CFR 1910.147 (Hazardous 
Energy Control Procedure) and CP2-SH-IS 1065, “Instructions for Lockout/Tagout.” 

RWPs-As required by BJC Radiological Protection Program (RPP). 

SparWflame-producing operations (hot workburn permit)-TS participants must comply with 
CP2-SS-FS1031, “Welding, Burning, and Hot Work Permit,” for a special work permit for spark/ 
flame-producing operations. 

7.4 ESTABLISHMENT OF WORK ZONES 

The following is a description of the different types of zones that will be established at the site. 

EZ-the area where work is being performed and chemical, physical, and/or radiological hazards 
exist. Entry into this area is controlled and the area clearly marked with barrier tape. Unauthorized 
entry into these areas is strictly prohibited. Permission to enter the EZ is granted by the SSHR. 

0 CRZ-the area between the EZ and the support zone. It serves as a buffer to reduce the possibility of 
the support zone becoming contaminated. It is also the area where decontamination of personnel and 
equipment is conducted. 

Support zone-the area outside of potential contamination. This zone serves as an administrative area, 
a storage area for noncontaminated equipment, a break area, and an area for the consumption of food 
and beverages. 

7.4.1 Prohibited Activities 

The SSHR shall ensure individuals are removed from the site for violations of any activities 
prohibited in the EZ and CRZ. The following activities are prohibited: 

eating, drinking, smoking, chewing, and applying anything to the face, 

horseplay, 

removal of respiratory protection while working in areas that require Level C PPE or higher, 

personal items (rings, watches, earrings, jewelry, etc.) that compromise the effectiveness of required 
PPE, and 

entry into work areas without the appropriate training. 
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7.5 PERSONAL SAFETY 

The following paragraphs cover some of the many personal safety issues. Also refer to the AHAs. 

Hearing Protection. Any noise exposure in excess of 85 dB for a time-weighted average for an 8-h 
day requires the use of hearing protection. If employees encounter noise sources they feel are hazardous 
to their hearing and the sources have not been evaluated, the employees are required to contact the SSHR 
so he/she may evaluate the noise levels and recommend appropriate hearing protection, if required. For all 
noise sources identified as hazardous, employees are required to wear the prescribed hearing protection 
properly per the AHA. 

Each employee receives an audiogram during his or her annual physical. The results from this test 
are compared to the employees’ baseline (if first annual exam) or compared to past test results. As part of 
the SAIC hearing conservation program, the SSHR will follow the permissible noise exposure guidelines 
as listed in 29 CFR 1910.95 or 29 CFR 1926.52. 

Eye Protection. Eye and face protection requirements are contained in the site-specific AHA. If field 
conditions change and warrant more or less protection than is listed in the site-specific AHA, the SSHR will 
determine what protection is necessary. Determination of eye and face protection will follow the guidelines 
of 29 CFR 1926. Safety glasses with side shields will be the standard eye protection in work areas. 

Biological Hazards. The most common biological hazards encountered by workers will be flying 
insects, ticks (dog and deer), and chiggers. Employees should avoid nests containing flying/stinging 
insects; however, if removal of a nest is necessary, contact the SSHR for assistance. If an employee is 
allergic to stinging insects, notify the SSHR to ensure adequate protection. 

At the end of the work day, employees should examine themselves for ticks. If the employee is in an 
area where tick infestation is possible, proper PPE should be worn. Examples of personal protection 
include long sleeves, taping pant cuffs to boots, and using duct tape to capture moving ticks. 

At some work locations, there will be a possibility of encountering poisonous plants. If the employee 
is exposed to these plants, the affected area will be washed immediately with soap and water. The SSHR 
will be notified if medical attention is needed. 

Ergonomics. Repetitive movement is not anticipated as a hazard for tasks on this project. 

Safe Lifting Practices. When it is necessary to lift objects, follow the listed safety lifting practices. 
A single individual my not lift more than 50 lb without assistance. If an object weighs 50 to 120 Ib, two or 
more workers are required to perform the lift. If the object is large or awkward (i.e., sample coolers, 
equipment), more people may be needed to lift it. Clear a pathway before moving the object. If possible, 
use carts, hand trucks or powered lifting equipment to move the object. Bend knees and keep back 
straight. Get the object as close to the body as possible and lift with the legs. 

Hand and Power Tools. All hand and power tools and similar equipment, whether furnished by the 
employer or the employee, will be maintained in a safe condition. 

Guarding. When power-operated tools are designed to accommodate guards, they will be equipped with 
such guards when in use. Belts, gears, shafts, pulleys, sprockets, spindles, drums, flywheels, chains, or other 
reciprocating, rotating, or moving parts of equipment will be guarded if such parts are exposed to contact by 
employees or otherwise create a hazard. Guarding will meet the requirements as set forth in ANSI B 15.1-1 953 
(R1958), “Safety Code for Mechanical Power-Transmission Apparatus.” One or more methods of machine 
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guarding will be provided to protect the operator and other employees in the machine area from hazards such 
as those created by point of operation, ongoing nip points, rotating parts, flyng chips, and sparks. Examples of 
guarding methods are barrier guard, two-hand tripping devices, and electronic safety devices. 

7.6 STOP-ACTIVITY AND STOP-WORK ORDERS 

At all times during the performance of work under this project all project participants have the 
responsibility to exercise “stop work” authority. This authority can be exercised when any employee observes 
the condition of “imminent danger” at the work site. Imminent danger means a condition or hazard that 
would reasonably be expected to cause death or serious harm to workers or members of the public 
immediately before such condition or hazard can be eliminated through normal practices. Should an 
employee exercise this right at a work site for this operation, the SSHR shall be notified immediately. The 
name and badge number of the employee exercising this right will be obtained and given to the SSHR. 

7.7 RESPIRATORY PROTECTION 

Respiratory protection is not anticipated for the scope of this project. If conditions warrant the use of 
respirators, the requirements of the SAIC written respiratory program will be met, along with the 
requirements of OSHA and ANSI. The AHA provides information on types of respirator equipment to be 
used if conditions warrant respiratory protection. 

7.8 HEAT STRESS AND COLD INJURY 

The most common types of stress that affect field personnel are Erom heat and cold. Heat stress and 
cold stress may be the most serious hazards to workers at waste sites. In light of this, it is important that 
all employees understand the signs and symptoms of potential injuries associated with working in 
extreme temperatures. Refer to “Heat Stress and Cold Inj~ry,~’  Attachment B. 

7.9 HOUSEKEEPING AND SANITATION 

An adequate supply of potable water shall be provided in labeled container(s) that are equipped with 
a tap and capable of being tightly closed. Nonpotable water outlets shall be identified to indicate that 
the water is unsafe for drinking, washing, or cooking. 

No food, beverage, gum, cosmetic, or tobacco products shall be present, consumed, or used in any 
region of a work zone where contamination is suspected. 

0 Work zones will be cleaned and wastes and debris will be removed daily. Tools, materials, welding 
leads, hoses, or debris will not be strewn about in a manner that may cause tripping or other hazards. 
Stored material will be placed and stacked in a manner that is stable and otherwise secured against 
sliding or collapse. All slip, trip, and fall hazards will be eliminated. 

7.10 FALL PROTECTION AND FALL PREVENTION 

To protect personnel from injury during elevated work activities, the following fall protection and 
fall prevention practices will be enforced. Fall protection/prevention activities will comply with BJC 
Procedure BJC-EH-2003, Elevated WorkBall Prevention. 
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7.10.1 PGDP Fall Protection Policy 

100% fall protection will be maintained at all times when personnel are working at heights of 6 ft or 
above. This means that workers will not be permitted to perform duties in areas where falls are possible 
without being adequately protected. Fall protection and prevention will consist of one or more of the 
following: 

preventing a fall by installing adequate guard rails; 

restricting entry into a fall hazard area by use of barricades, barriers, or warning flags; and 

protecting workers by using fall protection equipment ( e g ,  full body harness and shock-absorbing 
lanyards) to arrest falls. 

7.10.2 Fall Arrest Equipment 

A full body harness and lanyard are required for unprotected work at heights of 6 ft or above. 

A twin lanyard system will be used any time an individual must unhook a lanyard for movement 
while working unprotected at heights of 6 ft or above. 

0 All full body harnesses will be Class C, approved by ANSI. 

All lanyards will be shock absorbing and will have double-locking snap hooks that prevent rollout. 

0 Personnel at unprotected elevations will be tied off to lifelines attached to structures that can support 
at least 5000 lb of dead weight per employee. 

0 All fall protection equipment will be inspected before each use. Lanyards and harnesses will not be used 
if evidence of damage is present. All hardware must be examined, and worn parts must be replaced. 

Harnesses and lanyards must be removed from service if used in a fall. 

7.10.3 Ladder Inspection and Use 

Ladders with broken or missing rungs or steps, broken or split rails, or other faulty or defective 
construction, will be tagged “Defective Do Not Use” and will be removed from the job site. 

All extension ladders will be tied, blocked, or otherwise secured to prevent them from being displaced. 

Ladders will be placed on a firm, level base; the areas around the tops and bottoms of the ladders 
will be kept clear. 

When ladders are used to access platforms or working surfaces, the side rails will extend at least 3 ft 
above the landing. 

Personnel will always face a ladder when ascending or descending. 

Personnel will always have free use of both hands and feet to firmly grasp the ladder while ascending 
or descending. Such fi-ee use of the hands will preclude the use of fall protection during ascent or 
descent only. 
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7.1 0.4 Training 

All personnel who may be exposed to fall hazards during their work duties will be trained in elevated 
worWfall protection and prevention before starting those duties on-site. 

7.1 1 WORKING SURFACES 

0 

0 

0 

All areas will be kept clean, orderly, and sanitary. 
At no time will employees be allowed to climb the mast of a drill rig while it is in the upright position. 
Care will be taken to avoid slips/trips while working on uneven, wet, or plastic-covered surfaces. 
Head protection will be required while working under pipes or around protruding objects. 

7.12 HOISTING AND RIGGING PRACTICES 

SAIC shall comply with the latest revision of the BJC hoisting and rigging procedure, BJC-EH-2008. 

In order to ensure that personnel are not injured or equipment is not damaged during hoisting and 
rigging operations, the following safe working guidelines will be enforced. These guidelines include those 
outlined in OSHA and DOE hoisting and riggmg manuals. A person competent in hoisting and rigging will 
be on-site during all lifting activities. For these activities, the person will be the SSHR or designee. 

7.12.1 General 

All hoisting and rigging activities will be reviewed to determine their classification according to the 
definitions provided below: 

Nonroutine lift: Parts, components, assemblies, or lifting operations for which dropping, upsetting, or 
collision of items could do any of the following: 

- cause significant work delay, 

- cause undetectable damage resulting in future operational or safety problems, 

- result in significant release of radioactivity or other serious and undesirable environmental 
conditions, or 

- present a potentially unacceptable risk of personal injury or property damage. 

Routine lift: Any lift not designated as a nonroutine lift 

All lifts on this project are expected to be routine. Before all routine lifts, the qualified hoisting and 
rigging inspector will complete a hoisting and rigging checklist, and it will be maintained on the job site 
for review. If an added scope of work requires a nonroutine lift, a separate hoisting and rigging plan will 
be developed and presented to the SAIC Lift Committee chairman for review and approval before the lift 
proceeds. 
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7.12.2 Hoisting 

Only designated and qualified personnel will operate hoisting equipment. Hoisting operators will be 
in visual or radio contact with a flag person before and during every lift. If visual or radio contact is 
interrupted for any reason, the operator will stop the lift until full contact is restored. 

The equipment will be capable, within the manufacturer’s specifications, of fulfilling all requirements 
of the work without endangering personnel or equipment. 

Equipment with outriggers will have the outriggers fully extended and set before all lifts. 

Before lifting, operators will know the total weight of the load, including the following: 

- actual weight of the load and all packaging materials; and 

- rigging and any associated slings, shackles, chokers, and rings; and load line hook, headache 
ball, and wire rope. 

The operator will check the load line brake and the crane for stability when the load is only inches fiom 
the ground, before proceeding with any lift. This lift of a few inches will be considered a “trial lift.” 

A suspended load will never be left unattended. An operator will not leave the control station of a 
crane during a lift except under the conditions listed below: 

- The load is lowered or raised to a safe landing area with no tension on the load line, 

- After all brakes, pawls, switches, and clutches are properly positioned, control of the crane is 
transferred to another qualified operator, or 

- The load is supported by other means such as cribbing, manufacturer’s sleds or frames, suspended 
rigging, or another crane. 

The hoist line will be vertical at all times. 

Personnel will not stand or pass under suspended loads. 

A tag line(s) will be required on all loads. As many tag lines as necessary will be used to adequately 
control the load while landing. 

A crane load chart for the crane, as configured, will be posted in the cab of each crane, as will the 
rated load capacities, recommended operation speeds, and special hazard warnings or instructions. 

Cranes will be inspected in accordance with the guidelines provided below. 

Applicable ANSI B30-series daily, monthly, quarterly, semiannual, annual, and special inspections 
will be completed before any crane is operated. 

- A qualified inspector following the manufacturer’s recommendations and specifications will 
complete all inspections. 
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- The annual certification sticker will be prominently displayed on the crane, but in such a 
manner that it does not obstruct the operator’s view of any work operation. 

- Borrowed, rented, or leased cranes will be inspected before on-site use by the qualified crane 
inspector regardless of any other signed inspection forms. 

7.12.3 Rigging 

Rigging equipment for material handling will be visually inspected before use and as necessary 
during its use to ensure that it is safe. Defective rigging equipment will be removed from service and 
repaired or destroyed. All rigging equipment will be load-tested at least annually by a competent 
person who, by training or experience, can recognize defects and take appropriate action to correct them. 

Rigging equipment will not be loaded in excess of its recommended safe workmg load, as prescribed in 
Tables H-1 through H-20 of OSHA 29 CFR 1926 Subpart H (29 CFR 1926.25 1, “Rigging Equipment 
for Material Handling”). 

Special hoisting devices, slings, chokers, hooks, clamps, or other lifting accessories will be marked to 
indicate the safe working loads and will be proof-tested to 125% of their rated load before initial use. 

The following forms (located in Attachment E) will be used for the inspection of rigging equipment: 

- Wire Rope Inspection, 
- Sling Inspection, 
- Inspection for Chain Hoisting Devices, and 
- Inspection of Metal Plate Clamps. 

7.12.4 Training 

All personnel involved in hoistindrigging activities will attend an 8-h hoisting and rigging safety 
awareness training course before performing hoistindrigging activities. 

7.13 PINCH POINTS AND CRUSHING HAZARDS 

Work areas around heavy equipment necessitate controls to avoid pinch points and crush injuries. 
When employees are working in areas where heavy equipment is being operated, the SSHR will institute 
controls such as the following (this list is not all inclusive): 

flagging off-work zones to keep out unnecessary and untrained personnel; 

keeping area clean of unnecessary equipment; 

ensuring equipment has backup alarms, and using spotters when equipment is being loaded, unloaded, 
or working in close quarters. 

Another pinch-point hazard is opening and closing drum lids. Employees need to know the site-specific 
procedures regarding safe opening and closing of sealed drums. 
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7.14 EXCAVATION AND TRENCHING 

The BJC has the responsibility for preparing and issuing an excavatiodpenetration permit before any 
excavation, removal, or penetration operations are performed to control hazards from buried utilities. 

The STR will obtain an excavation permit before any excavation or penetration below 6 inches. The 
excavation permit process ensures that no underground utilities or structures will be encountered. The SAIC 
team will not perform any work that penetrates the ground more than 6 inches before this permit is issued. 

7.14.1 Lockout/Tagout 

To ensure the safety of personnel working on equipment or systems, PGDP safe practices and SAIC 
procedures will be followed for lockouthagout. The purpose of these procedures is to prevent the release 
of potentially hazardous energy during maintenance or service activities. Lockoutltagout procedures apply 
to energy sources that could cause injury to personnel from the unexpected energization or release of 
stored energy while participating in such activities as-but not limited to-installing, constructing, 
repairing, adjusting, inspecting, testing, or maintaining systems or equipment. The procedures apply to 
forms of potentially hazardous energy, both latent and residual, including electrical, hydraulic, pneumatic, 
mechanical, chemical, and radioactive. 

7.15 MOTOR VEHICLES AND MECHANIZED EQUIPMENT 

7.15.1 High-Profile Equipment 

High-profile equipment may be operated and will be located in a manner to ensure that no part of the 
equipment will be within 10 ft of energized circuits. All equipment operations that take place in the area 
of high-voltage power lines and that are capable of contacting the lines while in operation or in transit will 
be accompanied by a qualified observer, positioned outside the equipment, who can observe and give 
timely warning to the operator to prevent an accident or encroachment into the 10 ft minimum clearance 
zone. When equipment is in operation near energized lines, the equipment will be grounded. Operators of 
this equipment should be able to demonstrate proof of qualifications. 

7.15.2 Equipment Inspection 

All vehiclesheavy equipment brought on DOE property are required to be inspected before entry. 
The STR may conduct the inspection at the equipment staging area. Periodic safety inspections may be 
conducted on all vehicles and equipment by the STR, or hisher designee, and all vehicles will be in 
compliance with DOT requirements. Operators will perform daily equipment and vehicle inspections 
prior to operation. All equipment left unattended at night, adjacent to a roadway in use or adjacent to 
construction areas where work is in progress, will have appropriate lights or reflectors, or barricades 
equipped with appropriate lights or reflectors, to identify the location of the equipment. A safety tire rack, 
cage, or equivalent protection will be provided and used when inflating, mounting, or dismounting tires 
installed on split rims, or rims equipped with locking rings or similar devices. 

Heavy machinery, equipment, or parts thereof, which are suspended or held aloft by use of slings, 
hoists, or jacks will be substantially blocked or cribbed to prevent falling or shifting before employees are 
permitted to work under or between them. Bulldozer and scraper blades, end loader buckets, dump 
bodies, and similar equipment either will be fully lowered or blocked when being repaired or when not in 
use. All controls will be in a neutral position, with the motors stopped and brakes set, unless work being 
performed requires otherwise. Whenever the equipment is parked, the parking brake will be set. 
Equipment parked on inclines will have the wheels chocked and the parking brake set. 

- .  
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7.15.3 Fork-Lift Use 

All fork-lift activities will be conducted in accordance with MAS-030 and 29 CFR 1926.602(c), 
“Lifting and hauling equipment.” Operators must have completed OSHA compliant training. 

7.16 FIRE HAZARDS 

7.16.1 General 

Only approved metal containers equipped with spark arresters and portable tanks will be used for the 
storage and handling of flammable and combustible liquids. Approved safety cans or DOT-approved 
containers will be used for handling liquids in quantities less than five gallons. 

7.16.2 Storage of Flammable and Combustible Liquids 

Flammable and combustible liquids will not be stored inside any of the facility buildings. All 
flammable and combustible liquids in excess of a single 5-gal safety can will be stored in properly 
grounded steel flammable storage cabinets located on-site. The steel cabinets will be clearly labeled as 
fire hazards as required by local and industry standards. A maximum of three steel cabinets will be 
collocated. Each steel cabinet will contain less than 60 gal of flammable or 120 gal of combustible 
liquids. One portable fire extinguisher (rated not less than 20-B units) will be located at the construction 
trailer next to the front entrance (not less than 25 ft nor more than 75 ft from the flammable and 
combustible storage area). Any flammable or combustible liquid, which cannot be placed in the steel 
cabinets, will be stored in accordance with OSHA regulations. 

7.16.3 Dispensing Liquids 

Vehicles and large equipment (i.e., drill rigs) and small equipment (generators, mowers, and weed 
eaters) may be refueled on-site; however, the following requirementdguidelines must be met. 

Refueling will be performed using approved vessels, containers, or tanks. 

Refueling will be perfonned only after the equipment has been turned off and allowed to cool for 
3 min. 

A spill kit must be available to control spills should they occur. 

No source of ignition, including spark-producing tools, will be permitted within 50 ft of refueling 
operations. 

The transfer of flammable liquids will be done only when the containers are electncally interconnected/ 
grounded. 

7.1 6.4 OiYCleaning Rags Storage 

Used oil and cleaning rags will be stored in a 55 gal steel drum at least 25 ft from operating areas and 
sources of ignition. The drum will be clearly marked and the lid in place at all times. 
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7.17 ELECTRICAL HAZARDS 

7.17.1 Safety Training 

Employees who face a risk of electncal hazard that is not reduced to a safe level by the electrical 
installation requirements will be trained to understand the specific hazards associated with electrical energy. 
They will be trained in safety-related work practices and procedural requirements as necessary to provide 
protection from the electrical hazards associated with their respective job or task assignments. Employees 
will be trained to identi@ and understand the relationship between electncal hazards and possible injury. 

Employees working on or near exposed energized electrical conductors or circuit parts will be 
trained in methods of release of victims from contact with exposed energized conductors or circuit parts. 

7.17.2 Working on or near Electrical Conductors or Circuit Parts 

Safety-related work practices will be used to safeguard employees from injury while they are workmg 
on or near exposed electncal conductors or circuit parts that are or can become energized. The specific safety- 
related work practice shall be consistent with the nature and extent of the associated electncal hazards. 

Exposed energized electrical conductors or circuit parts to which an employee might be exposed will 
be put into an electrically safe work condition before an employee works on or near them, unless the 
employer can demonstrate that de-energizing introduces additional or increased hazards or is infeasible 
due to equipment design or operational limitations. 

An electrically safe work condition will be achieved and verified by the following process: 

determine all possible sources of electrical supply to the specific equipment. Check applicable up-to- 
date drawings, diagrams, and identification tags. 

after properly intempting the load current, open the disconnecting device(@ for each source. 

where it is possible, visually venQ that all blades of the disconnecting devices are fully open or that 
draw-out type circuit breakers are withdrawn to the fully disconnected position. 

apply lockouthagout devices in accordance with a documented and established policy. 

use an adequately rated voltage detector to test each phase conductor or circuit part to verifi they are 
de-energized. Before and after each test, determine that the voltage detector is operating satisfactorily. 

-Where the possibility of induced voltages or stored electrical energy exists, ground the phase conductors 
or circuit parts before touching them. Where it could be reasonably anticipated that the conductors or 
circuit parts being de-energized could contact other exposed energized conductors or circuit parts, apply 
ground-connecting devices rated for the available fault duty. 

7.17.3 Underground Hazards 

Underground hazards occur when underground installations are encountered during drilling or 
excavation work. These structures may include gas utilities, power lines, product lines, concrete vaults, 
and tanks. These present a potential for electrocution, explosion, spills or releases, or injuries to the field 
personnel. An ExcavationPenetration Permit will be obtained prior to activities that will penetrate more 
than 6 inches below the ground surface. 
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BJC is responsible for generating the ExcavatiodPenetration Permit. A pre-excavation meeting will 
be held to review the Excavatioflenetration Permit and work area to ensure all underground installations 
have been identified. Should an underground object be hit during field activities, the field crew will move 
away from the area and the STR shall be notified to assess the situation. 

7.17.4 Overhead Hazards 

Tablc C.3 shows the minimum clearance booms and towers are to maintain from energized overhead 
lines. 

Table C.3. Energized overhead line safe distance 

Nominal system voltage Minimum rated clearances 
0 to 50 kV 3 m  
51 to 200kV 4.5 m 
201 to 300 kV 6m 
301 to 500 kV 7.5 m 
501 to 750 kV 105 m 
751 to 1000 kV 135 m 

8. EXPOSURE MONITORING 

Site-specific exposure monitoring strategies (including action levels and the actions triggered) that 
meet applicable DOE and OSHA requirements shall be specified in the ES&HP for each project task 
having associated requirements. Exposure monitoring strategies should be determined based on the 
hazards that can be monitored using analytical instrumentation and the published exposure limits and 
physical, chemical, and toxicological properties of the chemical andor radioactive substances of concern. 

8.1 INSTRUMENTS, METHODS, AND CALIBRATION 

Exposure monitoring generally includes use of direct-reading instruments, personal dosimetry, and 
personal and area sampling, as necessary, to evaluate the hazardous conditions posed by the chemical and 
radiological substance on-site. In accordance with DOE and OSHA requirements, the following information 
shall be specified in the AHA for each type of monitoring instrument to be used for exposure monitoring: 

locations and frequencies of monitoring 
corresponding action level(s), response actions, and rationales 

Results of exposure monitoring must be documented, and affected personnel must be informed of 
these results in accordance with the requirements. 

The site has the potential for exposure to contaminants described in Table C.4. The only contaminant 
with the potential to be present in hazardous concentrations is TCE. The other contaminants have been 
found in trace amounts. Likely exposure routes include inhalation of vapors and dermal contact with 
contaminated water, mud, or soil. Proper use of PPE and attention to personal hygiene (e.g., washing 
hands before eating or smoking, etc.) can prevent oral ingestion and limit the potential for exposure. 

In addition, a potential exists for exposure to various substances used in the course of the work 
(Table C.5). These include gasoline, hydraulic, and lubricating oils. These can be found in Attachment F 
(MSDSs). 
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Table C.4. Potential exposure to contaminants 

Compound Symptoms PEL TLV REL 
Irritated eyes, nose, respiratory OSHA: ACGIH: NIOSH: Benzene 
system; giddiness; nausea, staggered 
gait; carcinogen 

3000ppm IDLH 
1 ppm8hTWA 
5 ppm STEL 

300 ppm IDLH 
2 ppm 8 h TWA 

OSHA: 

OSHA: 
IOOOppm IDLH 
100 ppm 8 h TWA 
200 ppm ceiling 
300 ppm (5-min max 

peak in any 2 h) 
OSHA: 

1 ppm 8 h TWA 

10 ppm 8 h TWA 0.1 ppm 8 h TWA 
lppm STEL 

ACGIH: NIOSH: Carbon 
Tetrachloride 

CNS depressant; nausea, vomiting; 
liver, kidney damage; skin irritation; 
carcinogen 

Irritated eyes and skin, vertigo, visual 
distortion, fatigue, giddiness, tremors, 
sleepiness, nausea, vomiting, 
dermatitis, cardiac arrhythmia, 
paresthesia, liver injury, carcinogenic 

5 ppm 8 h TWA 2 ppm 8 h TWA 

ACGIH: NIOSH: TCE 

50 ppm 8 h TWA 25 ppm 8 h TWA 
100 ppm STEL 

Vinyl 
Chloride 

Weakness; abdominal pain, GI 
bleeding; hepatomegaly; pallor or 

ACGIH: NIOSH: 
5 ppm 8 h TWA 

cyanosis of extremities; carcinogen 5 ppm ceiling 

ACGIH = American Conference of Governmental Industrial Hygienists 
IDLH = immediately dangerous to life or health 
NlOSH = National Institute for Occupational Safety and Health 
OSHA = Occupational Safety and Health Administration 
PEL = permissible exposure limit 

REL = recommended exposure limit 
STEL = short-term exposure limit 
TCE = trichloroethene 
TLV = threshold limit value 
TWA = time-weighted average 

Table C.5. Potential exposure to other substances 
~ ~~~ ~~~ ~ ~ 

Hazard or measured 
parameter Area Interval Limit Action Tasks 

>5 pprn on a Withdraw and Dri 11 ing TCE, and other 
organics with 

photoionization 
detector 

Breathing zone (2 to 3 ft 
from source or 

14 inches in front of 
employee’s shoulder) 

Breathing zone (“lapel” 
mounted collector tube) 

Continuously during 
drilling activities sustained basis or evaluate: Identify operations 

readings >25 ppm 

TWA exposures Withdraw and Drilling 

short duration con tamin ants 

>PEL evaluate Operations 
and Treatment 

Operations 

Physics if twice operations 
<2 mremh Notify Health Drilling 

background 

work cycle by one- 
third 

If exceeds 99.6 O F  Shorten the next All operations 
(1  00.4”F core) 

TCE, benzene, and 
vinyl chloride 

Personal Sampler 

Continuously during 
drilling activities and 

during startup of 
treatment 

Spot checking during 
drilling activities 

Surface of materials Radiological 
contaminants survey 

instruments 

Heat Stress 
Aural (ear) 

thermometer 

Within the ear Representative of the 
working conditions 
during the hottest 

part of the day/shift 

During work shift Refer to Refer to All operations 
Attachment B of Attachment B of 

this document this document 

Temperature 
Extremes 

Wet-bulb globe 
temperature 

Noise Sound Level 
Monitor 

Humidity and air 
movement, radiant heat, 

and air temperature 

Hearing zone within 3 
ft of source 

During work shift >85 dB for an Any noise Dri 11 ing 
8-h TWA exposure in excess operations 

of 85 dB requires 
the use of hearing 

Drotection 

TCE = trichloroethene 
TWA = time-weighted average 

mrem = millirem 
PEL = permissible exposure limit 
pprn = parts per million 
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8.2 ANALYTICAL LABORATORY REQUIREMENTS 

The American Industrial Hygene Association should accredit analytical laboratories that analyze samples 
for chemical contamination for OSHA compliance purposes. All samples shall be analyzed in accordance 
with the appropriate National Institute for Occupational Safety and Health or OSHA methodology or a 
method deemed equivalent by the laboratory. 

9. RADIATION SAFETY PLAN 

The SAIC team will operate under BJC’s DOE-approved RPP when performing activities on work 
releases (WRs) where a potential hazard is posed by radiation exposure. The SAIC team will support BJC 
in assessing radiological hazards that may be encountered. This has been primarily accomplished through 
the preparation of this ES&HP and an AHA (Attachment A). Based on these evaluation activities, 
appropriate engineering, administrative, and PPE controls will be selected and implemented. Whenever 
possible, work will be arranged to avoid (or at least minimize) entry into radiological areas. The radiation 
safety work practices focus on establishing controls and procedures for conducting work with radioactive 
material while maintaining radiation exposures ALARA. 

The SAIC team will conduct all work associated with radiological issues in accordance with the BJC 
RPP, and, that as a result, BJC will provide radiological support services for WR activities with potential 
radiation exposure. BJC may provide RCTs to perform surveys and monitoring, coordination of dose 
assessments, identification of radiological areas, and the preparation of RWPs. The SAIC team will 
implement and maintain any controls identified as a result of these services. 

9.1 SAIC TEAM RESPONSIBILITIES 

SAIC team responsibilities, in coordination with BJC, may include the following: 

Providing and erecting any radiological barriers, barricades, warning devices, or locks needed to 
safely control the work site. 

Following the requirements of the BJC RWPs, including daily briefings, and requirements for 
signing in on all RWPs. 

Submitting bioassay samples and using external dosimeters. 

Notifying BJC in advance of work shift changes, work schedule changes, or special radiological 
survey needs that require an increase in the number of RCTs assigned to the project. 

Notifying the BJC STR within three worlung days after a SAIC team employee declares a pregnancy. 

Establishing radiation control measures that comply with the requirements specified by the BJC 
radiological personnel supporting the project. 

Determining required radiological PPE based on SAIC team work processes and AHAs. 
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The SAIC team will implement the following radiation safety work practices. 

9.2 SITE-SPECIFIC RADIATION SAFETY WORK PRACTICES 

00-1 97(doc)/OS3 101 C-24 

SAIC team personnel will adhere to the action levels and hold points identified in the RWP 
addressing the potential radiological hazards posed by work activities under this WR. Work practices 
and PPE will be altered according to changing radiological requirements as prescribed by the RWP 
and/or the BJC RADCON. 

All work activities to be performed under this WR will be designed and performed ensuring 
minimization of material brought into the Radiological Areas. Management, design engineers, and 
field personnel will jointly identify the materials and equipment needed to perform this work. Only 
equipment and supplies necessary to successfully accomplish the various tasks to be performed 
under this WR will be taken into the EZ. Work also will be planned and conducted in a manner that 
minimizes the generation of waste materials. All activities will be designed, prior to commencement 
of field activity, to maintain radiation exposures and releases ALARA. Emphasis will be placed on 
engineering and administrative controls over the use of PPE, when feasible. 

All personnel working in or subject to work in the Radiological Areas will read the applicable RWP. 
The SSHR also will verbally review the RWP during the initial prework safety briefing. The FS and 
the SSHR will continuously monitor worker compliance with the RWP. The FS andor the SSHR 
will communicate changes to the RWP immediately to all affected personnel and work practices will 
be changed accordingly. Radiological controls specified by the RWP, such as PPE and work activity 
hold points, will be reviewed during “tailgate” safety briefings. 

All work will be planned to address the likelihood of encountering radioactive contamination during 
the drilling phases of this WR and any other ground penetration activities. All drilling debris will be 
contained by laying plastic sheeting on the ground under and around the dnll rigs. Investigation-derived 
waste (IDW) will be shoveled into waste drums as it is generated. 

All SAIC lower-tier subcontractors will be required to read and comply with this radiation safety 
plan (RSP) and applicable RWP. Applicable portions of this plan will be verbally briefed to field 
personnel, SAIC team, and lower-tier subcontractors, during the prework safety briefing. 

No radioactive sources will be used for this WR. 

Engineering and administrative controls will be utilized to minimize and control the spread of 
airborne and surface contamination. If airborne contamination is identified, water mist will be used 
to eliminate or reduce this hazard. The contaminated water will be contained by plastic sheeting 
covering the work area. Surface contamination, in the form if IDW, will be containerized in metal 
drums throughout the drilling process. 

Personnel will be instructed in the proper use and care of external dosimeters prior to commencement 
of field activities and periodically during prework tailgate briefings. Personnel will be instructed to 
wear the dosimeters only during activities posing an occupational ionizing radiation exposure. This 
will include all field activities associated with this WR. Personnel will be instructed to wear their 
dosimeters outside of company clothing in the front torso area of the body. They are not to expose 
the dosimeters to excessive heat or moisture. Dosimeters must be exchanged on a quarterly basis. 

SAIC team personnel will participate in the BJC Bioassay Program. All personnel will have submitted 
a baseline bioassay sample prior to receiving an external dosimeter and participating in any fieldwork 
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associated with this WR. Periodic bioassays also will be submitted in a timely manner as directed by BJC 
RadCon. Personnel not complying with these requirements will be subject to removal from the project. 

The FS and the SSHR will conduct a continuous observance of work in progress and of field 
personnel performance with respect to ALARA. Additional reviews of Performance will be discussed 
during “tailgate” safety meetings with all field personnel. All lessons learned will be noted in the 
SSHR’s field logbook. Work practices will be modified to incorporate lessons learned. A postjob 
ALARA review will be conducted by the SSHR with input from the FS, field personnel, and 
previous lessons learned recorded in the SSHR logbook. 

9.3 RADIATION SAFETY TRAINING 

The SAIC team will observe the BJC radiological training requirements, which require General 
Employee Training and Radiological Worker I1 Training for all employees who will perform hands-on 
work in radiological areas. The applicability of this training will be determined for each WR assigned 
under the contract. Personnel, including visitors, who are not necessary to the performance of the WR 
scope of work and who are not appropriately trained and qualified will not enter any work areas where 
radiological exposures may occur. In areas where visitors are essential or otherwise approved to be 
present, they will be restricted fi-om High Contamination Areas, High Radiation Areas, Very High 
Radiation Areas, or Airborne Radiation Areas. In all other radiological areas, visitors may be present only 
if escorted by a qualified radiological worker and will perform no hands-on activities. 

9.4 REQUIREMENTS APPLICABLE TO RADIOLOGICAL AREAS 

The SAIC team will take appropriate precautions and measures to control the potential for spreading 
contamination from radiological areas into unaffected areas. This will be accomplished by compliance 
with established site control measures (e.g., use of dedicated equipment, barricades, and signs), preventing 
or minimizing the movement of materials and equipment, monitoring, and decontamination procedures. 

The following work zones will be utilized during field activities that have a potential for radiation 
exposure/contamination. 

0 EZ-the area where work is being performed and chemical, physical, andor radiological hazards exist. 
Entry into this area is controlled and the area clearly marked with bamer tape or flaggmg. Unauthorized 
entry into these areas is stnctly prohibited. Permission to enter the EZ is granted by the SSHR. 

0 CRZ-the area between the EZ and the Support Zone. It serves as a buffer to reduce the possibility 
of the Support Zone becoming contaminated. It is also the area where decontamination of personnel 
and equipment is conducted. 

0 Support Zone-the area outside of potential contamination. This zone serves as an administrative 
area, a storage area for noncontaminated equipment, a break area, and an area for the consumption of 
food and beverages. 

When applicable to WR activities, personnel will mark and secure all hoses and cords crossing the 
boundaries of Contamination Areas, High Contamination Areas, and Airborne Radiation Areas to help 
minimize the potential for the spread of contamination and safety hazards. Electrical cords and lines that 
are not under pressure and do not contain radioactive material will be taped in place and tagged near the 
end to indicate that external surfaces may be contaminated. Hoses containing water under high pressure 
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will be secured, where possible, to prevent whiplash motions caused by loss of operator control. Hoses 
that may contain radioactive contamination will be conspicuously labeled “CAUTION-INTERNAL 
CONTAMINATION” or “CAUTION-POTENTIAL INTERNAL CONTAMINATION.’’ Labels or tags 
will have a yellow background, at least on magenta radiation symbol, and magenta lettering. Labeling is 
not required on portions of hose inside Radiological Areas. Labels or tags will be placed on opposing 
sides of the hose, where necessary, to ensure that they are clearly visible from all vantage points and hose 
positions. At a minimum, labels or tags will be placed every 40 ft along the hose. 

Unless otherwise specified by BJC, the SAIC team will procure sufficient tools so that tools 
frequently required in Radiological Buffer Areas Contamination Control Zones, High Contamination 
Areas, and Airborne Radiation Areas may be dedicated for that use. These tools will have paint or 
permanent markings that identify them for radiological work only. When required for a specific WR, the 
SAIC team will develop and submit a method to control the issuance and use of tools dedicated to these 
specified areas for review by BJC. In the event that repairs or modifications to tools or equipment are 
needed, the repairs or changes will be made, where reasonable practicable, in a Non-Radiological Area 
and/or a portion of the Controlled Area with low levels of contamination. 

Work activities will be scheduled to minimize radiation exposures and to prevent idle time in 
Radiation Areas. Work in these areas will also be coordinated with BJC RCTs to identify locations where 
lower dose rates exist. These identified locations will be used for performing all work within these areas 
to the maximum extent possible. Additionally, workers in High Radiation Areas and Very High Radiation 
Areas will be constantly monitored while in these areas and may require the use of temporary shielding to 
lower external dose rates. 

9.5 WORK ZONE EXIT REQUIREMENTS, DECONTAMINATION, AND CLEANING 

When WR activities involve radiological areas, the RWP will provide details on requirements of 
exiting the work area(s), including personnel and equipment decontamination and cleaning, as 
appropriate. In many instances, it is anticipated that the BJC will have established procedures for these 
activities. When this is the case, SAIC team personnel will exit, and monitor in compliance with the BJC 
requirements. In other situations, appropriate procedures will be developed and observed to control and 
minimize opportunities for transferring or spreading contamination. 

9.6 PERSONNEL 

Where required by the WR, procedures for the effective decontamination of personnel also will be 
implemented. Depending on the potential type and extent of contamination transfer onto personnel, the 
rigor of these requirements can vary significantly. In some instances, personnel showers may be required. 
In the even that contamination is found on the worker’s skin or clothing, the worker will notify BJC RCTs 
for decontamination before the individual is permitted to leave the area. If a shower is required, the 
worker will be transported to a decontamination facility and then reevaluated by the RCTs to ensure 
removal of the contamination prior to being released. 

In any event, the basic sequence of typical decontamination activities will be as follows for 
personnel exiting a radiological work area (Note: if frisking or other surveyingkreening is applicable, 
appropriate additional steps will be taken): 

Equipment drop (hand-held items) at a designated location, 
Sequential removal of outer protective clothing, and 
Removal of respiratory protection (if worn). 
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9.7 WORK ZONE EXIT REQUIREMENTS WHEN SHOWERS ARE NOT REQUIRED 

If applicable to the specific WR, when shower facilities are not required, but there is potential for 
contamination of equipment and personnel, the SAIC team will define an area for decontamination at the 
exit from Contamination Areas, High Contamination Areas, Radiological Buffer Areas, Contamination 
Control Zones, Radioactive Material Areas and Airborne Radiation Areas, as applicable. The purpose is 
to remove gross contamination from personnel and equipment prior to their exit from the Work Zone and to 
minimize the spread of contamination outside the Work Zone. The area may include the following materials: 

Step-off pads; 

An equipment drop or storage area for storing reusable PPE (i.e., hard hats) and equipment that does 
not need to be removed from the Work Zone; 

A boot wash station with brushes; 

Containers for the storage of used respirators (if applicable); 

Containers for disposable clothing (either bags or barrels); 

Chairs or benches or other items may be used for personnel to use while doffing PPE; 

PPE doffing protocol posting; and 

A table for portable survey equipment used to survey personnel and their equipment. 

Responsibility for providing the above equipment will be as described in the WR scope of work. 

Personnel protective equipment (i.e., coveralls, gloves, and boots) will be washed, or removed as 
appropriate, in the Work Zone to remove gross contamination. 

SAIC team personnel will perform a whole-body survey for radioactive contamination before 
leaving the work zone. Each SAIC team member also will survey personal articles and equipment that 
will be removed from Radiological Buffer Areas, the Contamination Control Zone, Contamination Areas, 
High Contamination Areas, and Airborne Radiation Areas. If personnel contamination is detected, the 
worker will remain in the area and contact the RCT for assistance. If equipment contamination is detected 
during the survey, the item will be decontaminated or bagged before removal from the Radiological 
Buffer Area. Such items may not be removed from the Radiological Buffer Area unless decontaminated. 

9.8 EQUIPMENT DECONTAMINATION REQUIREMENTS AT WORK ZONE EXITS 

When equipment and tools are used in a radiological area, contaminated items will be cleaned and 
decontaminated prior to being released from the work area. Typically, this will involve first removing any 
gross or visible contamination, followed by appropriate screening or sampling to evaluate if any 
radiological contamination remains. If contamination is detected, more thorough decontamination will be 
conducted until no detectable contamination remains, or the equipment otherwise meets the BJC’s 
unrestricted release requirements. 
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Methods to minimize cleaning and decontamination activities will be identified and observed for 
activities in radiological area. Examples of these types of methods include: 

Using dedicated equipment whenever possible, 

Selecting and using equipment and tools that are easily cleaned and decontaminated (e.g., with minimum 
exposed porous surfaces such as engine filters on machines or wood handles on hand tools), 

Establishing control of work areas to minimize the movement of equipment and personnel. 

Suitable equipment decontamination facilities will be arranged for performing these activities. When 
available, any existing BJC equipment decontamination facilities will be used. Otherwise, appropriate 
equipment decontamination facilities will be constructed as part of the negotiated scope of work for the WR. 

9.9 PERSONAL PROTECTIVE CLOTHING SEGREGATION AND DISPOSAL 
REQUIREMENTS 

When performing WR activities with potential contact with radioactive materials, after the 
removal of outer PPE, inner clothing will be inspected for dirt and debris. Any inner clothing with visible 
dirt and debris used in areas where the potential for radiological Contamination exists will be scanned for 
radioactivity. Any radioactive-contaminated clothing will remain on-site for washing by B JC. Laundered 
clothing will be returned for reuse when radiological surveying reveals that the contamination has been 
adequately removed. Any contaminated items that cannot be laundered, such as hard hats and chemical- 
resistant boots, must remain inside the contamination control zones, and remain there until they have been 
successfully decontaminated. 

As directed by the RCT, SAIC team personnel will segregate and dispose of PPE in accordance with 
this ES&HP. The SAIC team will provide labeled radioactive material disposal bags for placement of 
soiled reusable cotton coveralls, company clothing, socks, towels, and disposable PPE. SAIC team 
personnel will write the work package number on the disposal bags using a permanent marker. Bagged 
reusable PPE will be sealed and placed in the BJC-furnished shipping containers. Used disposable PPE, 
respirator cartridges, and other disposable items will be containerized and taken to an identified location. 

9.10 RADIOLOGICAL AREA EXIT REQUIREMENTS 

Except as provided below, all SAIC team personnel exiting contamination control zones, as 
applicable, will survey themselves for contamination using the BJC-provided whole body or hand held 
contamination monitors. In the event that contamination is found on the worker’s skin or clothing, the 
worker will notify BJC RCTs for decontamination before the individual is permitted to leave the area. 

10. PERSONAL PROTECTIVE EQUIPMENT 

Task-specific PPE requirements that meet applicable OSHA requirements shall be indicated in the 
AHA, which may be supplemented by a RWP. However, before requiring field team personnel to use 
PPE, appropriate administrative and engineering controls shall be implemented as the first means of 
defense for mitigating hazards and protecting site personnel. 
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Personnel shall not be allowed to use PPE unless the hazards for which the PPE are intended to 
protect against have been assessed and the appropriate PPE has been specified in the AHA. 

Personnel who use PPE to perform a job shall be trained to recognize the limitations of the 
equipment and to properly select, fit, use, inspect, maintain, and store the equipment. Such training shall 
occur and be documented before the user performs a task requiring the use of the PPE. 

Whenever a significant change in site conditions or operations occurs, a qualified HS professional, 
the SSHR, or RCT, shall reassess the PPE requirements. The AHA/RWP shall be modified, as necessary, 
to indicate the revised PPE requirements. 

It is the responsibility of each user of PPE to inspect the equipment before and as necessary during 
each use. Personnel wearing PPE shall be monitored periodically by a qualified person to ensure that they 
are adequately attired and protected. 

10.1 RESPIRATORY PROTECTIVE EQUIPMENT 

Overexposure to airborne contaminants is not anticipated on this project. Any use of respiratory 
protection must comply with requirements of 29 CFR 19 10.134, SAIC’s Corporate Respiratory Protection 
Program (SAIC ECHS 9), the RAAS ES&H Plan, this document and the applicable AHA(s). 

11. DECONTAMINATION 

Procedures for personnel and equipment decontamination must be indicated in each ES&HP for 
HAZWOPER projects. Site-specific variances from general procedures shall be indicated in the ES&HP 
or other project-specific documents or records. The following general requirements apply to personnel 
and equipment decontamination processes for SPH work at HAZWOPER sites. 

Personnel, equipment, and vehicles must be decontaminated, as necessary, before exiting a contaminated 
area. Clothing and equipment that cannot be decontaminated sufficiently shall be properly contained 
and labeled prior to being transferred beyond the controlled work zones of the site. Such items 
should be handled and temporarily stored, pending analytical results, as though they are suspect 
contaminated waste. For sites having only radiological contamination, it is appropriate to first screen 
for radiological contamination to determine whether decontamination is necessary. 

If any significant contamination is encountered, PPE should be disposed rather than decontaminated for 
reuse. 

Loose contaminants (dusts and vapors) that cling to clothing or equipment shall be removed according 
to the applicable decontamination procedures (e.g., using a water or water-based detergent rinse and 
scrub brush), except when radiation action levels are exceeded. 

Care shall be taken to avoid generation of mixed (chemical and radiological) waste during 
decontamination operations. 

Rinse water and waste generated on-site shall be contained, temporarily stored, and disposed in 
compliance with applicable OSHA regulations (e.g., 1926.152). 
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Where a centralized decontamination pad or facility will be established for decontaminating heavy 
equipment (e.g., rigs, augers, loaders), site-specific procedures for addressing transport of equipment from 
the work site to the centralized decontamination facility in a manner that minimizes the potential for, or 
contains the spread of, contamination are also to be indicated in the ES&HP. 

Decontamination activities shall be monitored periodically by a qualified person to determine their 
effectiveness. If procedures are found to be ineffective, steps shall be taken to correct deficiencies, and 
any deviations from the ES&HP shall be documented. 

11.1 SPECIAL PROCEDURES FOR DECONTAMINATION OF RADIOLOGICALLY 
CONTAMINATED PPE AND ENVIRONMENTAL MONITORING EQUIPMENT 

When radiological contamination is detected above background levels, BJC shall be contacted before 
the contaminated item is removed from an area of contamination. Decontamination and disposal of PPE 
shall be conducted in accordance with the requirements of the SAIC BJC-approved RSP or the BJC 
Radiation Protection Program and the ES&HP. 

12. EMERGENCY PLAN 

In the event of an emergency, all site personnel shall follow the requirements and provisions of the PGDP 
Emergency Management Plan. Emergency response shall be provided by the PGDP emergency response 
organization. The SSHR will be in charge of personnel accountability during emergency activities. All 
personnel worlung on-site will be trained to recognize and report emergencies to the SSHR or their Supervisor. 
The SSHR or Supervisor will be responsible for notifying the PGDP emergency response organization. 

The PGDP emergency response organization will be contacted for emergency response to all medical 
emergencies, fires, spills, or other emergencies. The plant shift superintendent (PSS) coordinates 24-h 
emergency response coverage. 

The emergency plan will be reviewed periodically. The requirements of this section will be 
communicated to site workers. Any new hazards or changes in the plan will also be communicated to site 
workers. 

12.1 POTENTIAL EMERGENCIES 

Potential emergencies which could be encountered during this project include, but are not limited to, 
fires, spills, and personnel exposure or injury. 

12.2 FIRES 

In the event of a fire, the PSS shall be notified immediately. If it is safe to do so, and they are 
properly trained, on-site personnel may attempt to extinguish an incipient fire with the available fire 
extinguisher and isolate any nearby flammable materials. If there is any doubt about the safety of 
extinguishing the fire, all personnel must evacuate to an assembly location and perform a headcount to 
ensure personnel are accounted for and are safely evacuated. The supervisor or knowledgeable employee 
will provide the fire department with relevant information. 

. _  
. . -- 
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12.3 SPILLS 

In the event of a spill or leak, the employee making the discovery will immediately vacate the area 
and notify other personnel and hisher supervisor. The supervisor will determine whether the leak is an 
incidental spill or whether an emergency response is required. If there is a probability that the spill will 
extend beyond the immediate area, result in an environmental insult, or exceed the capabilities of the on-site 
personnel, the supervisor is to inform the PSS, who will determine whether a response by the PGDP spill 
response team is warranted. If emergency response crews are mobilized, the supervisor or knowledgeable 
employee will provide the responders with relevant information. 

12.4 MEDICAL EMERGENCIES 

In the event of a medical emergency, the PSS is to be notified immediately. The SAIC team first- 
aid/CPR provider will serve as the designated first-aid provider. Any event that results in potential 
employee exposure to blood-borne pathogens will require a post-event evaluation and follow-up as 
required by 29 CFR 1910.1030. The supervisor will be notified as soon as practical after notifying the 
PSS. A person knowledgeable of the location and nature of the injury will meet the emergency response 
personnel to guide them to the injured person. Contaminated personnel will be decontaminated to the 
extent feasible. Personnel with minor injuries will follow full decontamination procedures. Personnel with 
serious injuries will be decontaminated by disrobing and wrapping in a blanket. Decontamination may be 
bypassed in the event of life-threatening injuries or illnesses. 

12.5 EMERGENCY PHONE NUMBERS 

Table C.6 list emergency groups and their telephone numbers. A cellular phone or radio will be 
present in the field and available for use when workers are not in close proximity to a plant phone. I fan  
emergency occurs, contact the PSS first. The PSS is the trained site emergency response coordinator. 

Table C.6. Emergency group telephone numbers 

PGDP Kevil 
Plant shift superintendent 
Telephone: 621 1 (270) 44 1-62 1 1 
If using cellular telephone: (270) 44 1-62 1 1 (270) 44 1-62 1 1 
Radio Number: Alpha 1 
Environmental Compliance: 6693 (270) 441-5051 
Guard Shift Personnel: 6246 (270) 441-6246 
Health Physics: 641 1 (270) 441-5043 
Industrial Hygiene: 6238 (270)44 1 -5045/5040 
Medical: 6266 (270) 44 1-6266 
Safety: 6238 (270) 441-5227 
Lourdes Hospital: (270) 444-2444 

PGDP = Paducah Gaseous Diffusion Plant 

12.6 REPORTING AN EMERGENCY 

Project personnel may be able to communicate by two-way hand-held radio (walkie-talkie), cellular 
telephone, or hard-wired phone on-site. 
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12.6.1 Telephone 

Identify who is calling. 

If a plant telephone is accessible, dial 62 1 1. With a cellular phone, dial (270) 41-62 1 1. 
Describe the type and the location of the emergency. 

Identify the number on the phone being used. 
Tell whether an ambulance is needed. 
Listen and follow any instructions that are given. 
Do not hang up until after the Emergency Control Center has hung up. 

12.6.2 Fire Alarm Pull Boxes 

Pulling a fire alarm box automatically transmits the location of the emergency to the Fire Department 
and the Emergency Control Center. The person pulling the alarm should remain at the alarm box, or 
nearest safe location, and supply any needed information to the emergency responders. Work personnel 
should note the location of pull boxes in each project area. 

12.6.3 Radio 

Identify who is calling. 

By calling radio call number Alpha 1, the PSS is alerted of the emergency. 
Describe the type and the location of the emergency. 

Identify the number on the phone being used. 
Tell whether an ambulance is needed. 
Listen and follow any instructions that are given. 
Do not hang up until after the Emergency Control Center has hung up. 

12.7 ALARM SIGNALS 

12.7.1 Evacuation Alarms 

Facility evacuation alarms are denoted by a steady or continuous sound from the site public address 
system. Proceed to the predetermined assembly. The assembly station director will provide further instruction. 

12.7.2 Radiation Alarms 

Radiation alarms are denoted by a steady sound from a clarion horn and rotating red beacon lights. 
Evacuate the site or area and proceed to the predetermined assembly station. The assembly station director 
will give further instruction. 

12.7.3 Take-cover Alarms 

Take-cover alarrns are denoted by the intermittent or wailing siren sound from the site public address 
system. Employees should seek immediate protective cover in a strong sheltered part of a building and/or 
evacuate mobile structures to a permanent building. 

12.7.4 Standard Alerting Tone 

The standard alerting tone is a higWlow tone from the public address system. Employees should 
listen carefully; an emergency announcement will follow. 
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12.8 EVACUATION PROCEDURES 

The SSHR or Supervisor will designate the evacuation routes. Employees should familiarize themselves 
with the evacuation routes. In the event of an evacuation, they should proceed to the predetermined 
assembly station or designated area and wait for further instructions. 

12.9 SHELTERING IN PLACE 

Certain emergency conditions (i.e., chemical or radioactive material release, tornado warning, fire, 
security threat, etc.) may require that personnel be sheltered in place. The PGDP Emergency Director on 
the emergency public address system carries out notification of a recommendation of “sheltering. in 
place.” “Sheltering in place” calls for employees to 

go indoors immediately (permanent building, not “mobile-type” structures)[C400]; 
close all windows and doors; 
turn off all sources of outdoor air (e.g., fans and air conditioners); 
shut down equipment and processes, as necessary, for safety; and 
remain indoors and listen for additional infomation on the public address system. 

12.10 ON-SITE RELOCATION 

Certain emergency conditions (i.e., chemical or radioactive material release, tornado warning, fire, 
security threat, etc.) may require that on-site personnel be relocated from their normal workstations and 
activities to locations more suitable to withstand the threat. The PGDP Emergency Director on the public 
address system carries out notification of on-site relocation. Specific instructions on where to relocate will 
be given with the message. 

12.11 FACILITY EVACUATION 

The PGDP Emergency Director initiates notification of facility evacuation over the public address 
system. Assembly stations serve as gathering points for evacuating personnel. These stations are identified 
with an orange, disk-shaped sign with the assembly station number in black lettering. In the event of an 
evacuation alarm, employees will evacuate to the designated assembly point for the area and immediately 
report to their supervisor or the assembly station director. The assembly station director will be wearing 
an orange vest. An accounting will be conducted of all personnel who have evacuated. The assembly 
station has a ring-down telephone to the PSS office and a local public address. Further instructions and 
information about the emergency situation will be given to employees by the assembly station director or 
over the site public address system. 

12.12 EMERGENCY EQUIPMENT 

Required items of emergency equipment will be maintained at the work location. These items will be 
specified by Industrial Hygiene, Radiation Control, Industrial Safety, the SSHR, and/or Fire Protection 
and may include, but are not limited to, the following: 

0 

basic first-aid lut, 
hard-wired or cellular telephone and radios, 
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fire extinguisher(@ or other fire extinguishing media, and 
a basic spill kit suitable to handle small spills. 

13. TRAINING 

The OSHA, DOE, and BJC HS training requirements applicable to SPH participants are presented in 
Appendix C and described in this section. In accordance with applicable OSHA training requirements, 
field team personnel shall have the necessary training to perform their assigned task(s) and associated 
responsibilities. The FS shall verify that each field team member has current certifications of required 
training before he/she, or hisher designee, tasks a field team member to perform a SPH Field duty. 

13.1 GENERAL REQUIREMENTS 

The training requirements of this section apply to all SPH Field operations. 

13.1.1 HAZWOPER 

Participants in this project will be required to have current HAZWOPER training as given in 
Attachment C Training Matrix. Visitors to the site must have permission of the ESHR and equivalent 
training to project personnel or be escorted by trained project personnel to enter the EZ. 

13.1.2 RadWorker 

Participants in this project will be required to have current RadWorker I1 training as required by the 
RWP and given in Attachment C Training Matrix. Visitors to the site must have permission of the ESHR 
and equivalent training to project personnel or be escorted by trained project personnel to enter the 
contamination area. 

13.1.3 Pre-Job Start HS Briefing 

The SSHR, or a qualified HS professional, shall conduct training on the content of the ES&HP 
before fieldwork begins so that each field team member is informed of the site-specific information and 
requirements applicable to the scope of work. This HS briefing shall cover the ES&HP contents and 
applicable portions of the RAAS ES&H Plan. Topics covered and attendance shall be documented. 

13.1.4 Tailgate HS Meetings 

Before beginning each day of Fieldwork, and as necessary during the day, the FS, SSHR, or a 
qualified HS professional, shall conduct a tailgate HS meeting to inform personnel of 

any newly identified hazards and associated monitoring and exposure control measures and results not 
discussed previously, and 

problems or concerns (especially HS) that have arisen since the previous tailgate meeting. 

Field team members should be encouraged to discuss any HS-related concerns during this meeting 
without fear of reprisal. Topics covered and attendance shall be documented. 
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13.1.5 First-Aid/CPR and Blood-Borne Pathogens 

In accordance with 29 CFR 1926.50, in the absence of a hospital or clinic that is reasonably 
accessible in terms of time and distance to the work site, a person who has a valid certificate in first- 
aid/CPR training from the American Red Cross, or equivalent, shall be available at the work site to render first 
aid or CPR. The OSHA interpretation of 1910.1030 for employee protection from exposure to blood-borne 
pathogens is that requirement of 1910.1030 (e.g., training, a written blood-borne pathogen controls program, 
hepatitis-B vaccination, etc.) apply to any employee expected to render first aid or CPR on-the-job. 

13.1.6 General Employee Training 

Anyone who will perform SAIC SPH fieldwork and will be on-site (or a combination of sites) for 
more than 10 consecutive work days shall have current certification of having completed the BJC General 
Employee Training. 

14. QUALITY CONTROL AND QUALITY ASSURANCE 

14.1 SITE INSPECTIONS 

SAIC shall conduct/document daily work area safety inspections and take corrective actions. These 
safety inspection documents shall be made available to the BJC STR upon request. The work supervisor 
shall inspect work activities against the hazardous work controls that are specified in applicable AHAs 
and permits. 

The SSHR shall participate with the BJC STR and BJC safety advocate in weekly inspections of all 
SPH work areas under SAIC control. 

15. RECORD KEEPING 

15.1 SITE RECORDS 

A record of daily HS-related events shall be documented and kept on-site (e.g., in a bound logbook 
and/or on suitable forms). The FS, or hisher delegate (e.g., an SSHR), shall verify employee training and 
medical surveillance records. Health physics personnel shall keep records of health physics-related events 
in accordance with requirements of their RSP. Records of all training must be maintained and available 
for oversight review. 

15.2 EMPLOYEE EXPOSURE AND MEDICAL RECORDS 

Employee exposure monitoring and medical records shall be retained by the employer of the 
employee in accordance with OSHA and DOE requirements (29 CFR 1910.1020 and 10 CFR 835.401 
through 404 and 1101). 

Exposure records for each employee monitored shall be maintained by the employer for 30 years. 
Specifically, records of radiological surveys, material and equipment release, exposure, dosimetry, dose 
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assessments, and instrument maintenance and calibration shall be documented and maintained by appropriate 
field team personnel. 

Medical records shall not include examination or test results, but shall include the employee’s name 
and social security number; the physician’s written opinion and recommended limitations; any medical 
complaints related to exposure of hazardous substances; and a copy of the information provided to the 
examining physician by the employer (not including a copy of the OSHA standard). 

Records shall be retained in accordance with, though not limited to, the following requirements. 

To the extent permitted by law, the employer shall maintain and keep records in confidence for each 
employee. 

Medical records for each employee shall be maintained by the employer for the duration of 
employment plus 30 years (except health insurance claims records maintained separately from the 
employer’s medical surveillance program records, first-aid records of one-time treatments, and medical 
records of employees who have worked for the employer for less than one year and who have seen the 
records before termination). 

Records shall be maintained to document doses of radiation received by all individuals for whom 
monitoring is required per 10 CFR 835.402 and doses received during planned special exposures, 
accidents, and emergency conditions. 

At an employee’s request, the employer shall provide the employee access to hisher records. 

At an employee’s written request, the employer shall ensure that representatives designated by the 
employee have access to hisher record(s). 

Whenever an employee, or hisher designated representative, requests access to an employee record, 
the employer shall ensure that access is provided in a reasonable time and manner. If the employer 
cannot provide access to the record(s) within 15 worlung days, before the 15th worlung day following 
the request for access, the employer shall apprise the requester of the reason for the delay and the 
earliest date the record(s) can be made available. 

Whenever an employee, or hisher designated representative, requests a copy of a record, the 
employer shall ensure that 

- a copy of the record is provided without cost to such requester, 

- the necessary copying equipment is made available without cost to such requester for the 
purpose of copying the record, or 

- the record is lent to such requester for a reasonable time to enable a copy to be made. 

Once a record has been provided without cost to the requester, the employer may charge a 
reasonable, nondiscriminatory administrative cost for subsequent copies of the record. However, an 
employer shall not charge for an initial request for a copy of new information that has been added to 
a record, which was previously provided. 

For purposes of follow-up investigation of an accident or incident, the employee’s consent for the 
investigator(s) to access hisher records shall be obtained in accordance with 29 CFR 19 10.1020. 

5050117 
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15.3 EMPLOYEE NOTIFICATION OF PERSONAL EXPOSURE MONITORING RESULTS 

In accordance with 29 CFR 191 0.1020, notification of personal exposure monitoring (dosimetry) 
results must be provided to each employee (including another employers’ employee) for whom exposure 
monitoring was performed. The notification form must be reviewed and acknowledged by each employee 
for whom monitoring has been conducted and notification provided. A copy of the notification form shall 
be provided to the subject employee and to hisher supervisor. 

These records are confidential and shall be dealt with accordingly. The original form shall be retained 
with other original site records. Results of the exposure monitoring should be communicated to others in a 
manner that does not identify the employee for whom the monitoring was performed, including other 
affected on-site personnel during the tailgate HS meeting following receipt and evaluation of the results. 

15.4 EMERGENCYlINCIDENT RECORDS 

SAIC team employees are required to immediately notify their supervisor or the SSHR of any 
injuryhllness, accident, incident, near-miss (potential bodily injuryhllness or damage to equipment and 
facilities), potential Price Anderson Amendment Act noncompliance, environmental release, or any other 
unplanned event that may be a violation of a regulatory requirement or that may be viewed negatively by 
the public, the BJC, or DOE. The Project Manager then will notify the BJC STR immediately. If any of 
the aforementioned occur, the incident scene will not be changed without BJC concurrence unless it is to 
mitigate an immediate hazard or stop a spill in progress. SAIC team and BJC personnel shall jointly 
investigate each injuryhllness, accident, incident, near miss, or environmental noncompliance. 

For accidents of any kind, a Supervisor IncidentlAccident Investigation Report will be prepared and 
submitted to the BJC STR within 2 working days. 

505018 
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ACTIVITY HAZARD ASSESSMENT 

WORK LOCATION: SITE: 

Building: Paducah Gaseous Diffusion Plant Outside C-400 Room: NIA 0 K-25 0 X-10 0 Y-12 X Paducah (I I 
Column Number: NIA Other: NIA 0 Portsmouth 0 Other: 

REVIEW SIGNATURES: 

Prepare: Date: I I Phone: 
(Required) 

Safety and Health ManagerlDesignee: Date: I I Phone: 
(Required) 

Task Manager: Date: I I Phone: 
(If Applicable) 

Site Safety and Health Representative: Date: I I Phone: 
(If Applicable) 

Industrial Hygiene: Date: / / Phone: 
(If Applicable) 

Health Physics (SEC): Date: / I Phone: 

APPROVAL SIGNATURE: 

Project Manager : Date: I I Phone: 

PLANT EMERGENCY TELEPHONE NUMBER: 91 1 ASSEMBLY POINT: # 

This section to be completed by the Task Manager, signature in the space provided certifies that the following activities havl 
been completed: 

Task Manager’s Craft Briefing: Date: I I 

AHA Posted at Job Site: Date: I I 

(If Applicable) 

AHA TERMINATION: 

Job site inspected and certified free of construction materials, equipment, signs and debris; AHA and permits recovered anc 
returned to S&H; and all construction restrictions released. 

Project Manager: Date: I I 
RETURN AHA TO S&H AT JOB COMPLETION. SUBCONTRACTOR IS TO RETURN AHA TO SAIC ES&H 
REPRESENTATIVE. 

505022 
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ACTIVITY HAZARD ANALYSIS 
~~ - ~ 

[ 11 Project Number: 23900-BA-RM086F 
131 Subcontractor Name: SAIC 
IS] Work Location: Southeast corner of the C-400 Building geographically located 
inside the Paducah Gaseous Diffusion Plant (PGDP) secure area. 

[21 AHA Number: MAS-05-01, Rev. 0 
141 Lower-Tier Subcontractor(s): PrSM Corporation, Geo Consultants, Others TBD 
16) Issue Date: 8/4/00 
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ACTIVITY HAZARD ANALYSIS (continued) 

WORK ACTIVITY POTENTIAL HAZARD REQUIRED ACTIONS, CONTROLS, OR METHODS OF COMPLIANCE 

of this project 

Hoisting and Rigging activities 

Hazardous Noise I 
Injuries due to inadequate 
planning 

0 Injuries due to defective 

Insufficient control of load 
equipment 

0 Injury due to being crushed by 
suspended load 

Employees shall be trained in the recognition of heat stress symptoms and appropriate precautions to 
take. 
Personnel will be briefed on Attachment B of the ES&HP. 
SSHR will monitor personnel for signs of heat stress. 
Personnel will maintain fluid levels to avoid dehydration. 
Personnel will utilize the “buddy system” to monitor coworker’s condition. 
Noise reduction requirements for hearing protection will be determined by the SSHR by conducting 
sound level readings if warranted. 
Wear hearing protection if noise environments exceeding 85dBA. 
SSHR will periodically monitor for explosive gases at the drill penetration point. HOLD POINT: If 
readings exceed 10% of the lower exposure limit (LEL), work will be immediately suspended and the 
situation will be further evaluated by the SSHR. The SA will be notified immediately of all suspension 
of work. Work will not proceed without approval from the SSHR. 
Each individual l if t  or type of lit? must be evaluated prior to the l i f t  to assess the potential hazards and 
identify the proper hoisting and rigging equipment needed to safely conduct the operation. Critical lifts 
will require a written l i f t  plan. Planning will be conducted in accordance with Sect. 7 of the ES&HP. 
All hoisting and rigging equipment will be inspected prior to use. 

0 

Tag line(s) shall be required on all loads unless tag line creates a safety hazard (i.e., dragging on a high 
voltage line, critical valves, etc). Use as many tag lines as necessary to adequately control the load. 
Personnel will maintain positive control of any load being hoisted or lifted throughout the movement 
of the load. Manual control and tag lines shall be utilized. Manual control may be used while the load 
is in contact with the ground. Tag lines will be used when the load is no longer in contact with the 
ground. 
Personnel shall not stand or pass under a suspended load. 0 



ACTIVITY HAZARD ANALYSIS (continued) 

WORK ACTIVITY 
4ny penetration or treatment of the 
ubsurface 

POTENTIAL HAZARD 
B Exposure to radioactive 

contamination 

0 Overexposure to airborne 
contaminants [trichloroethene 
(TCE) and other organic vapors] 

REQUIRED ACTIONS, CONTROLS, OR METHODS OF COMPLIANCE 
D 

0 

0 

0 

0 

0 

0 

0 

0 

All personnel will be briefed on the applicable RWP prior to commencement of field activities 
addressed by the RWP. 
Wear company clothing (scrubs), safety shoes, and impermeable gloves (i.e., latex or nitrile gloves), 
to protect against external contamination. Leather gloves may be worn over the impermeable gloves 
for protection from nonradiological hazards (i.e., sharp or rough edges). Safety glasses and a hard hat 
also will be worn while working within the designated work zones. Comply with the PPE 
requirements designated by the RWP and/or the BJC RCT. 
Properly wear the issued TLD dosimeter. 
SSHR will monitor the work site for possible radioactive contamination using BJC-provided survey 
equipment. 
Perform all field work activities to maintain potential radiation exposures to ALARA. 
All personnel must have current RadWorker I1 training. 
Establish and maintain site control measures using designated work zones (i.e., exclusion, 
contamination reduction, and support zones). 
WORK HOLD POINT: The SSHR will contact the SA and BJC RadCon immediately upon encountering 
any soils where the BetdGamma direct readings are 2X (twice) the area background. Work will be 
suspended pending further guidance and/or field assessment as furnished or directed by BJC RadCon. 
Baseline bioassay samples must be submitted prior to any SAIC team member engaging in work 
activities that may pose internal uptake of radioactive materials. Quarterly bioassay samples must be 
submitted in accordance with the RWP. 
Work will be conducted in a manner to preclude/reduce the generationispread of radiologically 
contaminated construction debridspoilage, equipment, and PPE. Examples: Misting of dust 
generating activities, capture and containment of liquid waste, containerization of solid waste, 
seereeation of radioactive waste. minimization of all wastes. 

0 Process stack will be equipped with a continuous real time alarming PID monitor. 
SSHR will monitor the worker’s breathing zone for organic compounds using a PID when 
environmental sampling yields readings greater than Sppm. HOLD POINT: If sustained readings 
greater than 5ppm are obtained, work will be suspended, personnel will withdraw, and the situation 
will be evaluated. The FS and H&S Manager will be notified along with the SA. 
Two individuals representing the greatest exposure potential will be monitored using personal 
monitoring pumps and the appropriate sample media. A minimum of ten discreet full-work period 
samples for each of these individuals will be collected and analyzed. 
Personnel will be notified of sample results. 
HOLD POINT: If direct reading instruments indicate levels greater than 25ppm for over 15 min, then 
personal sampling will be initiated immediately on the worker with the highest expected exposure. 

0 

0 

0 



ACTIVITY HAZARD ANALYSIS (continued) 

Material Handling-movement or 
transport of materials, supplies and 
equipment to the work site by manual 
and/or mechanical means 

WORK ACTIVITY 

Injuries resulting from manually 
lifting materials 

Any penetration or treatment of the 
subsurface (continued) 

Activities involving work with or near 
electrical tools or equipment 

Biological hazards present in all 
phases of this project 

(2) MOBILIZATION 

POTENTIAL HAZARD 
Environmental air monitoring 

Electrical shock from unsafe: 

- Electric installations 

- Portable electric tools 

- Extension cords 

Heavy equipment near power lines 

Drilling/driving rod into electrical 
lines 

Injuries/illnesses due to biological 
hazards 

REQUIRED ACTIONS, CONTROLS, OR METHODS OF COMPLIANCE 
m 

b 

m 

b 

Real-time work area monitoring using a PID, and FID if necessary, will be conducted in the worker’s 
breathing zone (2 to 3 ft from source or 14 inches in front of worker’s shoulder). 
Personal sampling of the worker breathing zone by lapel mounted sample tube will be conducted. 
HOLD POINT: If organic vapor concentrations greater than 25 ppm are detected on a continuing 
basis, monitoring at the downwind perimeter of the work area will be initiated. 
HOLD POINT: If organic vapor concentrations greater than 25 ppm are detected at the downwind 
perimeter, monitoring will be initiated at the upwind perimeter to determine if airborne concentrations 
are leaving the work area. 
HOLD POINT: If visible dust is being generated, downwind perimeter observations must be initiated. If 
visible dust is seen migrating off-site, then dust-suppression methods shall be initiated (i.e., water misting). 

Electrical systems shall be installed by qualified electrician. 
Electrical systems shall be inspected prior to use. 
Electrical tools shall be inspected prior to use. 
Portable electric tools that are unsafe due to faulty plugs, damaged cords, or other reason shall be 
removed fiom service. 
A Ground Fault Circuit Interrupter (GFCI) device shall protect portable electric tools and all cord and 
pl ug-connected equipment. 
Cords shall be inspected prior to, during, and after each use. 
Extension cords that have faulty plugs, damaged insulation, or are unsafe in any way shall be removed 
fiom service. 
Cords shall be protected from damage from sharp edges, projections, pinch points (doorways), and 
vehicular traffic. 
Cords shall be sumended with a nonconductive s u ~ ~ o r t  (roDe. Plastic ties. etc.). 
Operators shall maintain a minimum clearance with electrical power lines as dictated by the table in  
section 4.17.4 
An excavation/penetration permit IAW CP2-SH-IS 1045, Trenching, Excavation, and Penetration 
Permit, is required before driving grounding rods. 
Eauiument Penetrating more than two inches into concrete shall be grounded. 
Brief personnel on hazards associated with insect bites (chiggers, ticks, spiders)/stings (wasps, bees, 
hornets) and poisonous plants (poison ivy, poison oak). 
If warranted. use insect reDellents according to manufacturer’s directions. 

Employees should be instructed in safe lifting techniques: Back straight; bend at knees; load close to 
the body; l i f t  smoothly; and do not twist. 
Utilize material handling devices such as hand trucks. 
Manual lifts of over 75 pounds require two people. Employees are encouraged to get help for any lif t  
that amears excessive. 



ACTIVITY HAZARD ANALYSIS (continued) 

POTENTIAL HAZARD 
, injury to head, feet, hands due to 

crushing, pinching, being caught 
between, striking against, and 
being struck by objects 
Injury to eyes from airborne 
particulates, flying debris, and 
chemical exposure 

0 

Slips, trips, and falls 

Traffic 
Stacking and storing of material 

0 Fire 
0 Flammable liquid storage 

0 

0 Vehicles not having required 

Vehicles being in an unsafe 
mechanical condition 

safety equipment 

0 Damaged windshield or glass 
0 Improper Operation 

Untrained operators 

0 Injuries due to unstable loads 

WORK ACTIVITY 
vIaterial Handling (continued) 

REQUIRED ACTIONS, CONTROLS, OR METHODS OF COMPLIANCE 
Wear at all times: hard hats, and sturdy, ankle high, safety-toed work boots. Leather gloves shall be 
worn when handling materials with rough, sharp, or slippery surfaces. Impermeable gloves (i.e., latex 
or nitrile) will be worn at all times within the work areas. Leather gloves will be worn over the 
impermeable gloves when needed. 
Protective eyewear with side shields that meet the ANSI 2-87. I standard shall be worn at all times. If 
work conditions warrant, as determined by the SSHR, full face shields, goggles, or chemical goggles 
must be worn. 
To the greatest extent possible, keep walking/working surfaces free of clutter, debris, and congestion. 
Brief personnel on hazards of wet, muddy soil hazards and traversing uneven grades. 
Exercise caution and obey traffic regulations while transporting materials over roadways. 
All materials stored in tiers shall be stacked, racked, blocked, interlocked, or in some means secured to 
prevent sliding, falling, or collapsing. 
Cylindrical materials such as piping shall be blocked, bound, or racked to contain spreading or rolling. 
Used lumber shall have all nails removed. Lumber shall be stacked on level, supporting sills in such a 
way that it is stable and self-supporting. 
Storage areas and yards shall be kept free from accumulation of unnecessary combustible materials. 
Storage of gasoline and diesel fuels shall only be stored in approved containers. 
No hot work, welding, or smoking shall be allowed within 50 ft of flammable and combustible liquid 
storage areas. 
Flammable storage areas shall be provided with a minimum 20-lb ABC dry chemical fire extinguisher. 
SAIC vehicles shall be visually inspected before driving. 

All vehicles shall have properly functioning brake systems, brake lights, audible horn, powered 
wipers, defoggers/defrosters, and, if used in low visibility situations (dark, rain, fog), headlights and 
taillights (two each). 
Cracked or broken windshields or glass shall be reported to the vehicle coordinator. 
All vehicles and equipment shall be operated in accordance with the manufacturer’s operating 
instructions. 
Only trained individuals shall be allowed to operate forklifts. Training shall be conducted as required 
by RAAS-030 and 29CFR 19 10.178 to ensure that the operator has the knowledge and skills needed to 
operate the powered industrial truck safely. 
Personnel shall not be permitted to ride on powered industrial trucks. 
No employees shall pass under any elevated forks, whether loaded or not. 
Loads shall be lowered, power shut off, and parking brake applied when fork trucks are left unattended. 
Only stable or safely arranged loads that do not exceed the truck capacity, shall be handled. Caution 
shall be exercised when handling off-center loads that cannot be centered. 
Only loads within the rated capacity of the truck shall be handled. 
Forks will be of sufficient length to fully support the load. 
Loads may be stabilized during transit by securing to the mast. 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Use of Motor Vehicles 

Forklift Operations-Use of forklift(s) 
to transport materials, supplies, and 
equipment 



ACTIVITY HAZARD ANALYSIS (continued) 

Establishing fieldwork zones by 
placing signs, signals, and barricades 

Minor assembly and adjustment of 
various items of equipment to be used 
during well construction and 
develoPment 

0 
? 
3 

Injuries due to accidents related to 
forklift use on public roadways 

Injuries due to failure of operator 
to perform preuse operational 
inspect ions 

Inadequate protection or warning 
provided to workers or other 
personnel 
Safety signs not recognized 
Vehicular traffic 

1 Collision with personnel 

General Conditions as stated 

0 

above 
Use of Hand and Power Tools 

Injuries to personnel during 

truck 

Seeabove 

Contusions, abrasions, cuts, and 

REQUIRED ACTIONS, CONTROLS, OR METHODS OF COMPLIANCE 
0 

0 

Forklift will be shut down during refueling operations. 
Forklift will be refueled using an OSHA compliant portable fuel container. 
Personnel performing refueling operations will exercise caution to avoid spillage. 
The operator shall slow down and sound the horn in areas of limited visibility. 
The fork truck shall be operated at a speed that allows it to be stopped in a safe manner. 
Refueling shall not be conducted on-site. 

Stunt driving and horseplay shall not be permitted. 

0 Forklifts operating on public roadways shall have an escort vehicle following behind the forklift. The 
escort vehicle will follow at a safe distance and have its emergency flashers on while performing 
escort duties. 
Running over loose objects on the roadway surface shall be avoided. 
Any power-operated industrial truck not in safe operating condition shall be removed from service. 
Authorized personnel shall make all repairs. 
Industrial trucks shall be examined before being placed in service, and shall not be placed in service if 
the examination shows any condition adversely affecting the safety of the vehicle. Such examination 
shall be made at least daily. Defects, when found, shall be immediately reported and corrected. 
Barricade area when it is necessary; construction site shall be identified with warning sign and 
flagging. Follow RWP requirements. 

0 

There shall be no variation in the design of safety signs. 
Street signs shall be used to advise motorists of construction activity or hazards on or adjacent to the 

0 

- 
0 

0 

0 

0 

0 

0 

0 

- 

See above. 

Tools shall be inspected prior to use. 
All power tools originally equipped with a safety guard of any type shall be used only with the guard 
in place and functioning properly. 
Defective tools shall be tagged and removed from service. 
Tools shall be used only for their intended purpose. 
Electric tools shall be unplugged when changing attachments or performing maintenance. 
Pneumatic tools shall be disconnected and air pressures released before repair or adjustments are made. 
Sections of air hoses that are not equipped with quick-release fittings shall be secured together with a 
safety chain or tie. 



ACTIVITY HAZARD ANALYSIS (continued) 

See Work Activity 1 above, 
General Conditions. No unique 
hazards associated with this task 

0 Head injury 
0 Eye injury 
0 Hearing damage 
0 Foot injury 
0 Hand injury 
0 Back Injury 

- 

WORK ACTIVITY 
Use of Hand and Power Tools 
(continued) 

See Work Activity 1 above, General Conditions. 

0 

0 

0 

0 

0 

0 

Hard Hats shall be worn at all times. 
Protective eyewear with side shields that meet the ANSI 2-87.1 standard shall be worn at all times. 
Hearing protection shall be worn when noise levels exceed 85dba. 
Sturdy, safety-toed boots shall be required. 
Leather gloves shall be worn when handling sharp, rough, or slippery materials. 
Employees shall be instructed on proper lifting techniques. (See above.) 

Jse of Machinery and Equipment 

. .  

0 Contamination being carried from 

Ielivery and installation of a field 
Iffice trailer (NOTE: The trailer will 
ie delivered, leveled, and anchored by 
he supplier.) 

elevated when crossing pathways. 
Personnel shall follow all check-out instructions on the Radiation Work Permit 

POTENTIAL HAZARD 
Electric Shock 

the job site 
0 Possible overexposure of 

Bums 

0 

0 

All equipment will be checked by HP prior to egress from Radiation Work areas. 
SSHR must be fully trained on the calibration, use, and maintenance of all personnel monitoring 

Tools and equipment being 
operated without guards 

0 

0 Point of operation guarding 
0 

Moving parts of equipment and 
machinery 

Injury due to electrical shock 
while installing electric services to 
trailer 

0 Contact with underground 
electrical service or other 
undermound utilitv 

REQUIRED ACTIONS, CONTROLS, OR METHODS OF COMPLIANCE 
Electric tools with missing ground prongs or cut or frayed cords shall be removed from service. 
Electric tools used in highly conductive locations, such as where the employee may contact water, 
shall be approved for use in those locations. 
Power for portable electric tools shall be supplied from a GFCI receptacle. 
Electrical tools must be grounded, excePt tools that are equipped with double insulation. 
Electric tools shall not be used in hazardous locations such as flammable or explosive atmospheres 
unless they are approved for such locations. 
Fuel powered tools (generators, pumps, etc.) shall be turned off during refueling. 
Hydraulic powered tools shall use approved fire resistant fluids. 
Power operated tools and equipment designed to accommodate guards shall not be used without the 
guards in place and functioning properly. 
All tools and equipment shall be used with the correct guard or attachment as specified by the 
manufacturer. 

0 

0 

0 Moving parts of equipment (belts, gears, shafts, etc.) to which employees may be exposed shall be 
Drovided with guards. 

0 ~ The point of operation on equipment shall be guarded. 
Lockouthagout permit, IAW CP2-SH-IS 1065, will be needed if SAIC personnel perform installation 
of electrical service to the trailer. 

0 If SAIC personnel perform the electrical system installation, he or she must have the appropriate 
electrical safetv training. 

0 An excavation/penetration permit, IAW CP2-SH-ISlO45, must be completed if in-ground anchors will 
be used to stabilize the trailer. 

13) WELL CONSTRUCTION & DEVELOPMENT 
Surveying 

Seneral Construction 

Personnel Monitoring 
personnel due to improper use of 
monitoring equipment 

equipment . 
All monitoring equipment shall be calibrated prior to use. 0 



ACTIVITY HAZARD ANALYSIS (continued) 

WORK ACTIVITY 
Znvironmental Monitoring 

Decontamination of drilling rigs and 
associated equipment at the 
Decontamination Pad, C-752-C 

SGam Cleaner Operations-general 

Drilling Operations 

POTENTIAL HAZARD 
Possible contamination or spread 
of contamination to personnel, 
equipment, or environment due to 
improper use of monitoring 
equipment 
Skideye injury due to exposure to 
steam 

0 

. Rotatine eauiDment 
0 Fire 

Scald 

Hazardous Noise 

0 Unauthorized ODeration 
S 1 ir>s/tritx/fal Is 

0 Hoisting and Rigging Hazards 
0 Rotating equipment 

Crushing injuries 

0 Rig/equipment damage 

REQUIRED ACTIONS, CONTROLS, OR METHODS OF COMPLIANCE 

0 

SSHR must be filly trained on the calibration, use, and maintenance of all environmental monitoring 
equipment . 
All monitoring equipment shall be calibrated prior to use. 

0 

0 

0 

0 

0 

All decontamination personnel must be trained on the proper operation of the steam cleaner. 
Personnel shall not hold equipment or parts being decontaminated. These items shall be positioned on 
a suitable surface and not held during decontamination. 
Small parts will be contained in a perforated basket for decontamination. The steam jet will be off 
while personnel are rearranging small parts in the basket. 
Personnel will wear a face shield over safety glasses and gauntlet length nitrile gloves while 
performing decontamination operations. 
Steam cleaners will have protective guarding on all rotating shafts, belts, and pulleys. 
Turn off steam cleaner and allow cooline for before refueling. 

0 

0 

Steam cleaner hose connections will be inspected prior to use. 
Steam cleaner wand will not be pointed at personnel 
Noise reduction requirements for hearing protection will be determined by the SSHR by conducting 
sound level readings if warranted. 
Wear hearing protection if noise environments exceeding 85dBA. 
Only trained and authorized personnel will operate andor assist in drilling operations. 
If mud pans are used, the pan will be cleaned out as often as possible to avoid slippery conditions. 
See “Hoisting and Rigging Activities” under Item 1, General Conditions. 
Drill rigs will have protective guarding on all rotating shafts, belts, and pulleys. 
Personnel will not wear loose fitting clothing or jewelry that may become entangled in machinery. 
Personnel with long hair shall tie hair back to prevent entanglement in machinery. 
Drill rods and drill bit stabilizer will be transported properly either by a rack, the rig, or a utility trailer. 
If transported on a trailer, the rods or stabilizers will be held securely in place. 
Drill rie and wheeled eauiDment will have chocks daced under the wheels to Drevent rolling. 
Rigs will be inspected daily and documented by the equipment operator. 
Wire cables will be inspected daily, and cables with broken strands, weak spots, kinks, or mashed 
areas will be replaced prior to use. 
FSROM and driller will inspect thread connections prior to start of fieldwork and weekly thereafter. 
Prior to use, rigs will need to receive health physics approval. All rigs will be scanned with 
appropriate documentation. 
The mast and cables must be able to support all equipment and drill rods. 
Rigs must be maintained in good working order. 
All rotating shafts, pulleys, or chains must be covered with protective guards. 
All drill rigs must be equipped with an emergency kill switch, which is readily accessible to personnel 
at the rear of the fie. All Dersonnel on the site will know the kill switch and how to use it. 



ACTIVITY HAZARD ANALYSIS (continued) 

WORK ACTIVITY 
Drilling Operations (continued) 

(4) DEMOBILIZATION 
General work activities are similar to 
Mobilization 

Decontamination of Equipment at the 
Decontamination Pad, C-752-C 

POTENTIAL HAZARD 
rn Refueling of drill rig 

Water truckshanks 

. Fire 

Severe Weather 

0 Power lineshnderground utilities 

Ionizing radiation 

0 Environmental protection 

~ ~~ 

See Work Activity 2, 
Mobilization. Hazards presented 
during demobilization are the 
same as during mobilization. 

0 Skirdeye injury due to exposure to 
steam 

REQUIRED ACTIONS, CONTROLS, OR METHODS OF COMPLIANCE 
rn . 

0 

0 

Rig will be shut down during refueling operations. 
Rig will be refueled using an OSHA compliant portable fuel container. 
Personnel performing refueling operations will exercise caution to avoid spillage. 
All water tanks must be securely fastened to the vehicle frame. 
Water tanks should be constructed of materials with adequate side strength, baffled to prevent the 
sloshing of water from side to side, and must have lids with gaskets to prevent water loss. 
Rigs, the grout plant, and the steam cleaner each will contain-at least one ABC type fire extinguisher. 
Fire extinguishers will be fully charged and inspected weekly. 
Fuels will be stored in appropriate containers. 
Drilling will stop when rain or other weather factor interfeies with the safety of the operators. 
Drilling activities will stop during lighting. Operators, crew, and other support personnel will move 
out of the exclusion zone and take shelter in the C-400 Chemical Operations office, or as directed by 
the Field Supervisor/Field Operations Manager. 
If work is near an overhead line, care will be taken to ensure when raising the mast. 
While working near power lines, drill rods will not be leaned against the mast. 
If the drill bit encounters anything hard, drilling will stop, and the SSHR and Geologist will be notified. 
All heavy equipment used in locations where the possibility exists to contact power lines, above or 
below ground, shall be grounded. An excavatiodpenetration permit IAW CP2-SH-IS 1045, 
“Trenching, Excavation, and Penetration Permit,” is required before driving grounding rods. 
Monitor for radiological contamination on equipment, to include the drilling rig, prior to removal from CRZ. 
Personnel will self-monitor upon exiting CRZ. 
Contact HP at 270-441-53 19 for further guidance if radiological contamination is identified. 
Comply with all requirements of the RWP. 
See Radiation Safety under Item 1, General Conditions. 
At a minimum, plastic will be placed over the area to be drilled. If the contaminants warrant, plastic 
will be placed under the rig, as well as over a large area surrounding the rig. 
If fuel or oil leaks on the plastic sheeting, absorbent pads will be used. 

0 

0 

0 See Work Activity 2, Mobilization. Actions conducted during demobilization are the same as during 
mobilization. 

0 

0 

All personnel must be trained on the proper operation of the steam cleaner. 
Personnel shall not hold equipment or parts being decontaminated. These items shall be positioned on 
a suitable surface and not held during decontamination. 
Small parts will be contained in a perforated basket for decontamination. The steam jet will be off 
while personnel are rearranging small parts in the basket. 
Personnel will wear a face shield, nitrile gloves, and rubber apron while performing decontamination 
operations. 
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ACTIVITY HAZARD ANALYSIS (continued) 

REVISION: TRACKING #: CONSTRUCTION PHASE: 

DATE TIME BADGE ## PRINTED NAME SIGNATURE 



ATTACHMENT B 

TEMPERATURE EXTREEMES 
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HEAT STRESS 

Applying the general risk factors below, taskdprojects can be anticipated for developing heat stress 
conditions. 

0 

0 work considered labor intensive? 

0 workers unacclimated? 

0 

work performed in an outdoor or otherwise warm environment? 

insulating or protective clothing worn? 

reflective surfaces or radiant heat sources present? 
workers in poor fitness or health? 

Any single criterion above does not necessarily constitute a potential heat stress problem. The 
general rule to follow is that the more risk factors present-the higher the risk for personnel to develop a 
heat-induced illness. 

When work is performed in a warm environment (risk factor l), heat stress should be addressed in 
the AHA. When work is performed in a warm environment (risk factor 1) and one or more additional 
stresses are placed upon the body (risk factors 2-6), heat stress monitoring should be implemented to 
ensure that controls are adequate. 

Heat stress monitoring consists of either environmental [wet-bulb globe temperature (WBGT)] or 
physiological monitoring (pulse, temperature, and weight). The health & safety professional has to 
exercise professional judgment in the implementation of heat stress monitoring. Heat stress monitoring 
does not have to be continuous; heat stress monitoring needs to be representative of the working 
conditions during the hottest part of the day/shift. 

Heart r a t d o u n t  the radial pulse as early as possible in the rest period. If the heart rate exceeds 
110 beats per minute at the beginning of the rest period, shorten the next work cycle by one-third and 
keep the rest period the same. If at the end of the following work period, the heart rate still exceeds 
1 10, shorten the work period again by one-third. 

Oral Temperature-If the oral temperature exceeds 99.6"F (100.4"F core) taken with an Aural 
(ear) Thermometer, shorten the next work cycle by one-third, without a change in the rest period. If 
the oral temperature still exceeds 99.6"F at the end of the following work period, shorten the next 
work cycle by one-third. Do not permit a worker to perform duties requiring a semipermeable or 
impermeable garment if the oral temperature exceeds 100.6"F. 

Example of worWrest regimen in accordance to above protocol: 
Working time = 120 min (2 h) 
Break time = 15 min 

If the work cycle is reduced by one third, the new work cycle is as follows: 

Working time = 120 min x .67 = 80 min 
Work time = 80 min (1 h & 20 min) 
Break time = 15 min 
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PHYSIOLOGICAL MONITORING 

Perform physiological monitoring in accordance to Table 1. Employee temperatures and pulses 
should be taken at the beginning of the shift to establish their baseline (at rest) values. Take the 
temperature and pulse as early as possible in the rest period to ensure a more accurate reading. If the core 
body temperature exceeds 100.4"F, shorten the next work cycle by one-third and keep the rest period at 
the same length. If the core body temperature exceeds 100.4"F and the heart rate exceeds 110 beats per 
minute, the worker should sit down and take a break. If the temperature still exceeds the parameters at the 
end of the following work period, shorten the next work cycle by one third. 

Table 1. Parameters for assessing and interpreting physiological data 

Core temperature Risk factor Action 
<99.6"F 
99.6"F-100.4"F 

> 100.4"F 

Minimal 
Moderate 

High 

Periodic monitoring. Ensure that administrative controls are in place. 
Ensure that administrative controls are in place. Shorten next work cycle by one-third. 
If pulse exceeds 1 10, employee should take a work break; evaluate controls. 
Do not pennit worker to perform work duties; take a work break and examine worker 
for symptoms of heat illness. Controls are not adequate; evaluate and assess controls. 

Example of workhest regimen in accordance to above protocol: 
Working time = 120 min (2 h) 
Break time = 15 min 

If the work cycle is reduced by one third, the new work cycle is as follows: 

Working time = 120 min x .67 = 80 min 
Work time = 80 min (1 h & 20 min) 
Break time = 15 min 

Do not permit a worker to perform duties if the core body temperature exceeds 100.4"F. If a worker 
exceeds 100.4'F7 the worker should be taken to a shaded area (preferably where air-conditioning or a fan 
is located) for a work break; please remove excess clothing, to the extent permissible, and supply hidher  
with cool drink. If the worker is not exhibiting any heat strain symptoms, he may resume work when 
his core temperature drops below 100.4"F and his resting pulse rate drops to 90 beats per minute. If an 
employee displays signs/symptoms of heat illness or is taking rest breaks with unusual fkequency, then 
stop work and transport employee to the Occupational Medical Center for prompt evaluation. 

ENVIRONMENTAL MONITORING 

The WBGT index was developed as a basis for environmental heat stress monitoring. The WBGT 
combines the effect of humidity and air movement, radiant heat, and air temperature as factors in 
assessing heat stress. Examples of permissible heat exposure threshold limit values are shown in Table 2. 
TLV WBGT correction factors are shown in Table 3. 

Work Load Categories- The work load category may be established by ranking each job into light, 
medium, or heavy categories on the basis of type of operation: 

Light work-sitting or standing to control machines, performing light hands or arm work. 
Moderate work-walking about with moderate lifting and pushing. 
Heavy work-pick and shovel work. 

505037 
00- 1 97(d0~)/083 1 0 1 

. -  
. . -. . .  

Att B-4 



Table 2. Examples of permissible heat exposure threshold limit values 

Work load 
Work-rest regimen Light Moderate Heavy 

Continuous work 30.0 (86) 26.7 (80) 25.0 (77) 
75% Work- 30.6 (87) 28.0 (82) 25.9 (78) 
25% Rest, each hour 
50% Work- 3 1.4 (89) 29.4 (85) 27.9 (82) 
50% Rest, each hour 

32.2 (90) 31.1 (88) 30.0 (86) 25% Work- 
75% Rest, each hour 

Note: Values are given in "C (OF) wet-bulb globe temperature. 

Table 3. TLV WBGT correction factors in OC for clothing 

Clothing type Clothing value WBGT correction 
Summer work uniform 0.6 0 
Cotton coveralls 1 .o -2 
Winter work uniform 1.4 -4 
Water barrier, permeable 1.2 -6 
Unacclimatized worker NA -2.5 

NA = not applicable 
TLV = threshold limit value 
WBGT = wet-bulb globe temperature 

STANDARD ADMINISTRATIVE CONTROLS 

Workers should drink plenty of fluids; It is recommend at least one cup every 20 min. Thirst is not 
an adequate indicator for fluid replacement. Workers should frequently drink small amounts of liquid 
refreshment . 

Use common sense, if workers feel overheated, they should take a break. Symptoms of heat-related 
disorders include: nausea, headache, pale complexion (skin is cool and clammy), feeling faint, and 
muscle cramps. Remember; provide frequent work breaks before workers experience the aforementioned 
symptoms. Work breaks may be adjusted so that fewer breaks are provided during the coolest hours 
of work, and more frequent breaks should be provided during the hottest hours of work. 

Acclimatize workers. Gradually increase the workload in a hot environment. An acclimatized worker 
will have a lower heart rate, a lower body temperature, a higher sweat rate and a more dilute sweat 
(less salt). 

Conduct as much work as possible during the late afternoon, nighttime, or early morning hours. 
Avoid performing hard physical labor during the middle of the day. 

Personnel that have a medical condition that may become exacerbated through heat stress conditions 
should consult with the Occupational Medical Department or their own physician prior to work. 

Job rotation of personnel is acceptable. 
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OTHER CONSIDERATIONS 

PPE such as ice vests or cool suits may be considered. 

In the absence of physiological monitoring, consider using ACGlH WBGT values as guidelines or 
recommendations to assist in the control of heat stress. 

Recommend STA training for workers that includes: the types of heat induced illnesses, heat strain 
symptoms, administrative controls in place, recommendations to prevent heat strain, and oversight 
monitoring being performed by safety personnel. 
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COLD STRESS 

Persons working outdoors in low temperatures, especially at or below freezing, are subject to cold 
stress disorders. Exposure to extreme cold for even a short period of time can cause severe injury to the 
body surfaces and/or profound cooling, which can lead to death. Areas of the body that have high surface 
area-to-volume ratios, such as fingers, toes, and ears, are the most susceptible. Two basic types of cold 
disorders exist, localized (e.g., frostbite) and generalized (e.g., hypothermia). The descriptions, symptoms, 
and treatments for frostbite and hypothermia are provided below. 

Frostbite: Frostbite is a condition in which the fluids around the cells of body tissues freeze, damaging 
the tissues. The most vulnerable parts of the body are the nose, cheeks, ears, fingers, and toes. 

Symptoms: Affected areas become white and firm. 

Treatment: Get the individual to a warm environment and re-warm the areas quickly. Keep affected 
areas covered and warm. Warm water can be used to thaw the areas 

Hypothermia: As the temperature of the body drops, the thermoregulatory system attempts to increase 
the body’s generation of heat, blood vessels are constricted to conserve energy, and glucose is produced 
to increase the body’s metabolic rate (i.e., glucose is used as fuel to generate heat). 

Symptoms: Uncontrollable shivering with the sensation of cold, slower heartbeat, and weaker pulse. 

Treatment: Get individual to a warm environment. 

Preventive Measures: A number of steps can be taken to minimize the potential for cold stress. Individuals 
can achieve a certain degree of acclimation when working in cold environments as they can for warm 
environments. The body will undergo some changes that increase the body’s comfort and reduce the risk 
of cold injury. 

Working in a cold environment causes significant water losses through the skin and the lungs as a 
result of the dryness of the air. Increased fluid intake is essential to prevent dehydration, which 
affects the flow of blood to the extremities and increases the risk of cold injury. Warm, sweet, 
caffeine-free, nonalcoholic drinks as well as soups should be readily available. 

The skin should not be continuously exposed to sub-zero temperatures. 

Cold Stress Monitoring: Air temperature alone is not a sufficient criterion on which to judge the potential 
for cold related disorders in a particular environment. Heat loss from convection (air movement at the surface 
of the skm) is probably the greatest and most deceptive factor in the loss of body heat. For this reason wind 
speeds as well as air temperatures need to be considered in the evaluation of the potential for cold stress 
disorders. The ACGM Threshold Limit Values and Biological Indices provide additional guidance on cold 
stress evaluation and the establishment of the workhest regimen in environments conducive to cold stress. 
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ATTACHMENT C 

TRAINING 

505042 



THIS PAGE INTENTIONALLY LEFT BLANK 

505043 

00-1 97(d0~)/083 10 1 



Table 1. Training matrix 

Training Type Duration Frequency Provided By Required For 
BJC All personnel, who issue, release, or request a 

Health and Safety Work Permit. S&H WP training 
may not be required for SUBCONTRACTOR 
personnel (excluding supervisor) if hazard control 
measures can be effectively demonstrated in 
AHAs or other Hazard Analysis documentation and 
the BJC grants approval. 
All personnel working inside the security fence or 
any radiological controlled area 
All personnel working on DOE Property 
All personnel working in fixed contamination, 
radiological areas, high radiological areas, 
radioactive material areas 
All personnel working in fixed contamination, 
radiological areas, high radiological areas, 
radioactive material areas, contamination areas, 
high contamination areas, airborne radioactive areas 
All personnel working in hazardous waste 
Any personnel wearing respirators during the 
course of this contract 
Any personnel wearing respirators during the 
course of this contract 
All personnel exposed to hazardous materials 
All on-site personnel 

Safety and Health Work 
Permits 

2 h  As Required 

Initial' BJC 

BJC 
BJC 

BJC 

BJC 
SAIC team 

SAIC team 

SAIC team 
SAIC team 

SAIC team 

SAIC team 

SAIC team 

SAIC team 

SAIC team 

SAIC team 

SAIC team 

SAIC team 

PGDP General Topics 
GET 
Security 
Radiation Worker 1 

8 h  

Initial 
Every 2 Years 

2 h  
6 h  

Radiation Worker 11 16h Every 2 Years 

Yearly 
Initial' 

RCRA Permit Training 
Respirator Training 

3 % h  
4 h  

Respirator Fi t-Testing I h  Yearly 

Hazard Communication 
Site training to include 
prejob safety meeting, 
AHA review, radiological 
work permit, daily safety 
meetings 
Fork1 i ft Operat ion 

4 h  
Variable 

Initial 
Prior to performing 
hands-on work or 
entering restricted 

access areas and daily 
during the project 
Before forklift use Forklift operator 1 h training or 

verification of 
abi 1 i ty 

2 h  All personnel who may be exposed to noise levels 
at or above 85 dB 8-h TWA without regard to 
hearing protection devices 
All personnel who will enter the exclusion zone. 

Hearing Conservation Initial 

HAZWOPER Site 
W o r k e r 4 0  h 

40 h and 3-day 
OJT initial 8-h 

annual refresher 
8 h  

Initial 

Prior to field activities 

Prior to field activities 

FM, FS, ESHR, Any supervisor directing work 
inside the EZ 
All personnel who will enter the exclusion zone 
who have had the 40 h initial training more than 
12 months prior to field activities 
SAIC team personnel designated to provide CPR 
and first-aid 
SAIC team personnel designated to provide CPR 
and first-aid 
SAIC team personnel designated to provide CPR 
and first-aid 

HAZWOPER Supervisor 

HAZWOPER refresher 8 h  

Cardiopulmonary 
Resuscitation (CPR) 
First- Aid 

4 h  Yearly 

Yearly 8 h  

Blood- borne Pathogens I h  Initial 
.~ - _ ~ ~ _ ~  ~ 

'GET continuing (1 h) may be substituted if personnel attended PGDP GET within the past 24 months. 
*Additional fit-testing may be necessary if: determined necessary by the physician or other licensed health care professional; an employee is injured or 

becomes ill or develops signs or symptoms possibly due to an overexposure; an individual develops a condition that may affect hidher ability to wear a 
respirator, such as respiratory or cardiovascular diseases, diabetes, fear of tight or enclosed spaces, ruptured eardrum, defective vision, etc.; and, as soon as 
possible following an emergency incident. 

AHA = activity hazard assessment 
BJC = Bechtel Jacobs Company LLC 
CPR = cardiopulmonary resuscitation 
DOE = U.S. Department of Energy 
ESHR = Environmental Safety and Health Representative 
EZ = exclusion zone 
FM = field manager 

FS = field supervisor 
GET = General Employee Training 
HAZWOPER = Hazardous Waste Operations and Emergency Response 
OJT = on-the-job training 
PGDP = Paducah Gaseous Diffusion Plant 
SAIC = Science Applications International Corporation 
S&HWP = Safety and Health Work Permit 
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ATTACHMENT D 

HOSPITAL ROUTE MAP 
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Emergency Medical Facility 
Telephone Numbers 

Lourdes Hospital 
130 Lone Oak Road 
Paducah. KY 
(270) 444-2444 

N 

Attachment D. Hospital route map 
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ATTACHMENT E 

MATERIAL SAFETY DATA SHEETS 

(To be provided prior to mobilization) 
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ATTACHMENT F 

HAZARDOUS MATERIAL INVENTORY 

(To be provided prior to mobilization) 
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ATTACHMENT G 

G-3 CROSSWALK FOR THE 
SIX-PHASE HEATING TREATABILITY STUDY 
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ActivityIHazardllssue 
Work Control Documents to be 

Supplemental Criteria Standards for Paducah (KY) Implementation Guide used by SUBCONTRACTOR 

flammables 

Ix) 

Ix) 

0 
Ix) 

0 

0 

Combustion engines 

(XI +--- Storage of combustibles 

Battery charging station 

Electrical 

Flammable materials and 
compressed gases 
Mobile equipment 
Open flamehum 

Radiant heat, closed systems 

Radiant heat, open flame 

Spark-producing tools near 

Transportation (vehicle 
fueling) 

029 CFR 1910 
29 CFR 1926 (see Footnote 1) 
29 CFR 1910 

I 

: Standard Fire Prevention Code 
(SFPC) 

SFPC Chap. 7 ES&HP Sect 7.17 

I 

29 CFR 1910 
29 CFR 1926 

029 CFR 1910 
029  CFR 1910 

29 CFR 1926 
029 CFR 1910 

29 CFR 1926 

0 2 9  CFR 1910 
29 CFR 1926 

0 2 9  CFR 1910 
29 CFR 1926 

0 2 9  CFR 1910 
29 CFR 1926 

0 2 9  CFR 1910 
29 CFR 1926 

029 CFR 1910 

Activities where battery charging stations 
are owned, used, and/or maintained. 
Fire hazards associated with electrical 
equipment or work. 

SFPC Chap. 5, 10, 15, and 36 

SFPC 
SFPC Chap. 5 

SFPC 

ES&HP Sect 7.16.2 

ES&HP Sect 7.3 

SFPC 

SFPC Chap. 25 

SFPC Chap. 5 and 10 

SFPC Chap. 5,504.1.5 AHA 
NFPA 37 
SFPC Chap. 5,502.3 ES&HP Sect. 7.16.2 

Applies to liquids, gases, solids use, and 
storage. 
Activities in fire hazard areas. 
Open flames and burning in open areas 
(lab equipment, gas stoves, etc.). 
Activities that use radiant heaters 
(includes office heaters) and steam 
heating systems. 
Activities that use portable oil and gas 
heaters. 
Activities in a flammable or explosive 
atmosphere. 
Activities where oily rags, cleaning rags, 
etc., are stored. 
Applies to portable engines (such as 
power generators) and stationary engines. 
Identify items like pallets, boxes of 
material, lubricating oils, etc. 

IA-Work planning will specify 
the appropriate controls. 

Activities that involve “on-site” refueling 
of equipment. 

SFPC Chap. 9, Sec. 907 
NFPA 30A for service stations 
NFPA 30 for fuel transfers 

ES&HP Sect 7.16.3 

29 CFR 1926 
NFPA 70 



ActivityDIazarMssue 
Welding, torch, cutting, and 
brazing 

029 CFR 1910 
TCA-68- 140 
ORC 47:473 1 
for IAs, see Footnotes 1 and 2 

Fire prevention 

ANSI/ AN S - 8.2 2 

Supplemental Criteria 

0 Batteries 

Fire rescue/response 

I 

Activities where batteries are used or 
maintained (e.g., to provide backup 

0 

power for building systems). 
Exposed to ~ 6 0 0  V 

Temporary lighting 

* Exposed to >600 V Activities involving work on the power 
distribution system (either aerial or 

Stored energy/capacitors or 
inductors 

Standards for Paducah (KY) 
* 29 CFR 1910 

29 CFR 1926 
oNFPA51B 

29 CFR 1910 
29 CFR 1926 
40 CFR 264 
IA-Fire prevention or response 
elements may be modified, 
reduced, or eliminated when 
justified by an evaluation that 
demonstrates an equivalent level 
of protection or an acceptably 
low risk to personnel and the 
environment. Such modification, 
reduction, or elimination of 
protection shall be approved by 
the DOE-OR0 AHJ for fire 
motection matters. 

Implementation Guide 
1 SFPC Chap. 29 

1 Kentucky Building Code 

029 CFR 1910 
29 CFR 1926 

029 CFR 1910 
29 CFR 1926 
NFPA 70 
ANSI C2 
NFPA 70E 

029 CFR 1910 
29 CFR 1926 
NFPA 70 
ANSI C2 
NFPA 70E 

029 CFR 1910 
29 CFR 1926 

029 CFR 1910 
29 CFR 1926 

ASTM F 1236-89 

~ 

Work Control Documents to be 
used by SUBCONTRACTOR 

ZS&HP Sect 7.3 

ES&HP Sect 7.16 

ES&HP Sect 12.2 

ES&HP Sect 7.17.2 
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Activity/Hazard/Issue 
Substations/transformers 

Supplemental Criteria 

Electrical magnetic fields 

~~~~~ ~~~~ 

Work ControlDocuments to be 
Standards for Paducah (KY) Implementation Guide used by SUBCONTRACTOR 

029 CFR 1910 

Static electricity 

Activities at or near 
NFPA 70E 

0 ACGIH, most current (IA- 
electrically-generated magnetic fields 
(includes fringe fields and quench 
effects). 

Laser 

Activities which involve the transfer/ 
handling of flamrnablehgnitable liquids 
(especially petroleum products such as 
gasoline. kerosene. etc.) 

Laser wands used for presentations are 
- not identified. 

Professional judgment of IH will 
be used to select the appropriate 
exposure standard (e.g., TLVs, 
AIHA WEELs, and NIOSH 
RELS). 

029 CFR 1910 
29 CFR 1926 

Ultraviolet radiation Activities where work will be conducted 
out-of-doors or near ultraviolet sources. 

Radio frequency and 
microwave radiation 

Activities where RF and MW (3 15 Hz - 
300 KHz) are encountered (does not 
include MW cooking). 

29 CFR 1926 
0 ANSI Z 136.1 (1993) 

ACGIH, most current 
(IA-Professional judgment of 
IH will be used to select the 
appropriate exposure standard 
(e.g., TLVs, AIHA WEELs, and 
NIOSH RELS). 

029 CFR 1910 
ANSI Z 49.1 
ACGIH, most current 
(IA-Professional judgment of IH 
will be used to select the 
appropriate exposure standard 
(e.g.,TLVs, AIHA WEELs, and 
NIOSH RELs). 
ANSI Z 49.1 
ACGIH, most current 
(IA-Professional judgment of IH 
will be used to select the 
appropriate exposure standard 
(e.g.,TLVs, AIHAWEELs,and 
NIOSH RELs). 

29 CFR 19 10.97 

ES&HP AHA 



[ZING RADIATION 
Radiation Exposure 

Supplemental Criteria 
Activities at or near intense light (e.g., 
welding, torch cutting, hot or molten 
materials). 

Radioactive contamination 

Work Control Documents to be 
Standards for Paducah (KY) Implementation Guide used by SUBCONTRACTOR 

(IA-Professional judgment of 
IH will be used to select the 
appropriate exposure standard 
(e.g.,TLVs, AIHA WEELs, and 
NIOSH RELs). 

ACGIH, most current 

Fissile material 

0 

storage of cylinders (inert, flammable, 
toxic). 

29 CFR 1926 

29 CFR 1910 
29 CFR 1926 

Conveyer systems 

4ctivities that involve radioactive 
naterials or radiation generators that may 
Pesult in internal and/or external radiation 
:xposures (sources, medical x-ray 
:quipment). 

Activities that could cause air-borne 
zontamination and/or re-movable surface 
zontamination that could result in 
internal uptake and/or contamination 
spread. 

Activities that involve fissile material(s) 
inspection, storage, configuration 
change, use, or transportation. 

10 CFR 835 
DOE N 441.1 , sec. 6.d, 6.f . DOE N 441.1, sec. 6.e 
(IA-Maintenance of the 
applicable NRC license for 
sealed sources will be 
acceptable). 
10 CFR 835 
DOE N 441.1, sec. 6.d, 6.f 
DOE N 441.1, sec. 6.e 
(IA-Maintenance of the 
applicable NRC license for 
sealed sources will be 
acceptable). 
10 CFR 830.120 
10 CFR 835 (nuclear accident 

ANSVANS-8.1 (for IA and IGs, 

ANSI/ANS-8.3 (for IAs, see 

ANSI/ANS-8.7 (for IAs, see 

dosimetry) 

see Footnote 3) 

Footnote 4) 

Footnote 5) 
ANSVANS-8.15 
ANSVANS-8.17 
ANSVANS-8.19 (for IG, see 

ANSI/ANS-8.20 (for IA, see 
Footnote 6) 

Footnote 2 

oDOEN441.1, sec6.c 

ANSI/ANS-8.5 
ANSI/ANS-8.10 
ANSI/ANS-8.2 1 
ANSWANS-8.22 
ANSVANS- 10.4 
DOE-STD-3007 

MATERIAL HANDLING 
I Compressed gas cylinders I Activities involving the handling and I 29 CFR 1910 I 

ES&HP Sect 9, AHA and RWP 

ES&HP Sect 9, AHA and RWP 

ES&HP Sect 7.4 

~~ ~ 
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Activity/Hazard/Issue 
Cranes and hoists; hoisting, 
rigging, and material 
handling 

0 

Elevators 

29 CFR 1926 
IA-Work planning will specify the Microbes (water) 

Indoor air Bacteria, fumes, etc. ANSYASHRAE 62- 1989 Building Air Quality-EPA manual 
Mold and mildew, bird 

Activities conducted on stagnant ponds, 
pools of water, cooling towers, etc. appropriate contro I s. 

*29 CFR 1910 

Fork lif t  operation 

Hazardous equipment and 
machinery 
Storagehandling of toxic 
materials 
Transportation of DOT 

droppings 29 CFR 1926 
Poisonous plants Such as poison ivy, etc. 029 CFR 1910 

hazardous materials on-site 
Transportation of DOT 
hazardous materials off-site 
Transportation of hazardous 
waste on-site 
Transportation of non- 
hazardous material off-site 

Sumlemental Criteria 
Activities where the use of gantry, 
overhead, mono-rail, and portable cranes 
will be used. Does not include personnel 
work platforms. 

e.g., banding machines. 

Includes radioactive material. 

Includes radioactive material. 

Includes radioactive material. 

Standards for Paducah (KY) 
029 CFR 1910 

29 CFR 1926 
ANSI B30.2 
ANSI B30.5 
ANSI B30.10 
ANSI B30.11 
ANSI B30.16 
ANSI B30.20 
ANSI B30.21 
ANSI B56.6 
ANSI/ASME A 17.1 

*ANSI/ASME A 17.2.1 
0ANSVASME A 17.2.2 

ANSIIASME A 17.3 
ASME A 17.5 

029 CFR 1910 
29 CFR 1926 
29 CFR 1910 
29 CFR 1926 

~ _ _ _ _  

029 CFR 1910 
29 CFR 1926 

029 CFR 1910 
29 CFR 1926 

_____ 

049 CFR 106 - 199 
49 CFR 325 - 399 

029 CFR 1910 
0 29 CFR 1926 
0 49 CFR 325 - 399 

Implementation Guide 
Technical Standard 1090- 
Hoisting and Rigging, Ch. 2 (for 
critical lifts only) and Addendum 
1 (procurement guidelines). 

Work Control Documents to be 
used bv SUBCONTRACTOR 

ES&HP Sect 7.12 

ES&HP Sect 7.15.3 and AHA 

00-1 97(d0~)/083101 



H 
Activity/HazardAssue Supplemental Criteria Standards for Paducah (KY) Implementation Guide used by SUBCONTRACTOR 

Blood-borne pathogens Activities where employees may be -29 CFR 1910 29 CFR 1910.1030 ES&HP Sect 13.1.3 
occupationally exposed to blood or 
potentially infectious materials. 

THERMAL 
0 

H 

0 

Cryogens 

Hot/cold work environment 

High temperature 
equipmentlmaterials 

Activities where cooling materials such 
as liauid nitrogen are used or stored. 

Occupational Health and Safety 
Guidance Manual for Hazardous 
Waste Site Activities for 
nonpermeable PPE (NIOSH). 

Activities where equipment/ materials 
that generates intense heat is used. 

SSHP Sect 7.8 and 
Attachment B 

0 

0 . .  

Asbestodman-made mineral 
fibers 
Asphyxiating gases Activities that could release sufficient 

gases which (1) displace oxygen and 
result in an oxygen-deficient atmosphere 
(e.g., nitrogen, hydrogen, Freon, argon, 
or carbon dioxide) or (2) interfere with 
bodily use of oxygen (e.g., carbon 
monoxide). 

-29 CFR 1910 

I I 

0 I Confined spaces I Activities conducted within "con-fined 

I 

0 

elevated surfaces. Heights and 
configurations mecified in OSHA. 

spaces" as identified by OSHA. 
Activities conducted in a hot, dry 
environment such as furnace ovens, etc. 
Activities with potential for falls from 

Dry environment 

Elevated work 29 CFR 1910 
29 CFR 1926 

-29 CFR 1910 
29 CFR 1926 

Debris-generating activities 
(e.g., grinding, cutting, cleaning with 
cornmessed air). 

ES&HP Sect 7.10 

ES&HP Sect 7.5 

-29  CFR 1910 
~~ 

-29  CFR 1910 
ACGIH, most current 
(IA-Professional judgment of IH 
will be used to select the 
appropriate exposure standard 
(e.g.,TLVs, AIHA WEELs, and 
NIOSH RELs). 

Eyedamage 

029 CFR 1910 
29 CFR 1926 I I 

29 CFR 1926 
-29 CFR 1910 

29 CFR 1926 
ACGIH, most current 
(IA-Professional judgment of IH 
will be used to select the 
appropriate exposure standard 
(e.g., TLVs, AIHA WEELs, and 
NIOSH RELs). 

-29  CFR 1910 
29 CFR 1926 I I 
ANSVASHRAE 62-1 989 



Activitvmaza rdnssue 

29 CFR 1926 
029 CFR 1910 

29 CFR 1926 
IA-Work planning will specify 

029 CFR 1910 
29 CFR 1926 
IA-Work planning will specify 

the appropriate controls. 

the appropriate controls. 

029 CFR 1910 
29 CFR 1926 
ACGIH, most current 
(IA-Professional judgment of IH 
will be used to select the 
appropriate exposure standard 
(e.g., TLVs, AIHA WEELs, and 
NIOSH RELs). 

Hazardous materials/waste 

ATSSA Manual on Uniform 
Traffic Control Devices. 

High noise levels 

Li ftingkarrying heavy 
objects 
Pinch points 

Repetitive motion 

Sharp edges 

Traffic 

Vibrating equipment 

Sumlemental Criteria 

Activities where personnel move the 
heavy objects. 

Ergonomics, cumulative trauma 
disorders. 
Sheet metal work, equipment loading, 
etc. 
Activities involving on-site roadway 
transportation or activities near trafic 
areas (i.e., cars, carts, fork lifts, bicycles). 
Activities where hand held saws, 
decontamination scabbling, or 
hammering equipment is used. 

Standards for Paducah (KY) 
029 CFR 1910 

29 CFR 1926 
ANSI Z 358.1 

ACGIH, most current 
ANSIIASHRAE 62- 1989 

(IA - Professional judgment of 
IH will be used to select the 
appropriate exposure standard 
(e.g.,TLVs, AIHA WEELs,and 
NIOSH RELs). 
29 CFR 1910 
29 CFR 1926 
ACGIH, most current 
(IA-Professional judgment of IH 
will be used to select the 
appropriate exposure standard 
(e.g.,TLVs, AIHA WEELs,and 
NIOSH RELs). 

ImDlementation Guide 
Work Control Documents to be 
used by SUBCONTRACTOR 

ES&HP Sect 6.5 and Sect 8.1 

ES&HP Sect 7.5 and Sect 8.1 

ES&HP sect 7.5 

ES&HP Sect 7.13 

ES&HP Sect 7.13 

ES&HP Sect 7.15 

00-1 97(d0~)/083 101 



H 
Supplemental Criteria 

Identify: 1. General surface hazards such 
as irregular surfaces, floor grating, wet 
surfaces, scaffolds, or ladders. 2. Low 
overheads and protrusions into walking 
and work areas (e.g., pipes, wiring, or air 

Activity/Hazard/Issue 
Walkingworking surfaces 

Standards for Paducah (KY) 
029 CFR 1910 

29 CFR 1926 

Implementation Guide 

conditioners). 
Excavatiodpenetration 029  CFR 1910 ES&HP Sect 7.14 

Demolition 
29 CFR 1926 
29 CFR 1910 Activities where machinery is used to 

Work Control Documents to be 
used by SUBCONTRACTOR 

ES&HP Sect 7.1 1 

demo 1 is h . 29 CFR 1926 
Food preparation 029  CFR 1910 

Acids, solvents, toxic agents, 
and hazardous liquids 

Beryllium 

Carcinogens 

Includes sensitizers. 

Explosive and blasting 
agents 

Storage and use for activities such as 
demolition. 

029 CFR 1910 
8 29 CFR 1926 

NFPA 45 (IA - for laboratories 

ANSI Z 358.1 
ACGIH, most current 

only) 

(IA-Professional judgment of IH 
will be used to select the 
appropriate exposure standard 
(e.g., TLVs, AIHA WEELs, and 
NIOSH RELs). 

029 CFR 1910 
ACGIH, most current 
(IA-Professional judgment of IH 
will be used to select the 
appropriate exposure standard 
(e.g., TLVs, AIHA WEELs, and 
NIOSH RELs). 

029  CFR 1910 
29 CFR 1926 
ACGIH, most current 
(IA-Professional judgment of IH 
will be used to select the 
appropriate exposure standard 
(e.g., TLVs, AIHA WEELs, and 
NIOSH RELs). 

029  CFR 1910 
29 CFR 1926 
805 KAR 4 

U.S. Coast Guard CHRIS 
Compatibility Chart 

ES&HP Sect 8 

ES&HP Sect 8 and AHA 
RWP 



Activity/Hazard/Issue 
Heavy metals 

Nuisance dusts 

Pesticides, herbicides 
(FIFRA) 
Pesticides, herbicides (non- 
FIFRA) 

Toxicity in smoke or fumes 

Welding, cutting, hot work 
fumes 

Supplemental Criteria 
Lead, mercury, etc. 

Activities that may generate or be 
exposed to dusts. 

Activities which may generate smoke, 
fumes, etc., not associated with welding, 
cutting, or hot work (e.g., open burning 
of brush, exhaust emissions, HF 
releases). 

Standards for Paducah (KY) 
029 CFR 1910 

29 CFR 1926 
ACGIH, most current 
(IA-Professional judgment of 
IH will be used to select the 
appropriate exposure standard 
(e.g., TLVs, AIHA WEELs, and 
NIOSH RELs). 

029 CFR 1910 
29 CFR 1926 
ACGIH, most current 
(IA-Professional judgment of IH 
will be used to select the 
appropriate exposure standard 
(e.g., TLVs, AIHA WEELs, and 
NIOSH RELs). 
40 CFR Part 170 

029 CFR 1910 
29 CFR 1926 
ACGIH, most current 
(IA-Professional judgment of IH 
will be used to select the 
appropriate exposure standard 
(e.g., TLVs, AIHA WEELs, and 
NIOSH RELs). 

029 CFR 1910 
29 CFR 1926 

ACGIH, most current 
ANSVASHRAE 62- 1989 

(IA-Professional judgment of IH 
will be used to select the 
appropriate exposure standard 
(e.g.,TLVs, AIHAWEELs,and 
NIOSH RELs). 

029 CFR 1910 
29 CFR 1926 

ANSI Z 49.1 
ACGIH, most current 

ANSVASHRAE 62- 1989 

Implementation Guide 
Work Control Documents to be 
used by SUBCONTRACTOR 

ES&HP Sect 8 and AHA 

ES&HP Sect 7.3 
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ActivityMazarMssue Supplemental Criteria 
Reproductive Activities that involve occupational 

- 
MI 

Work Control Documents to be 
Standards for Paducah (KY) Implementation Guide used by SUBCONTRACTOR 

29 CFR 1910 ES&HP Sect. 9 

CHANICAL 

H 

Pressure systems 

Machinery and rotating parts 

Material grinding, cutting, 

Moving equipment 

Used to identify systems and equipment 
containing stored pressure energy (e.g., 
air, steam, water, hydraulic) 

Moving vehicles, carts, and 
bicycles 

29 CFR 1910 
29 CFR 1926 
ASME B&PV Code 

Aspects of pinch, crush, or hydraulic spray 

Railroad systems 

ANSIIASME B3 1 
29 CFR 19 10 ES&HP AHA 

exposure to chemical, physical, or 
biological agents of concern. 

0 

29 CFR 1926 

ACGIH, most current 
ANSVASHRAE 62-1 989 

(IA-Professional judgment of 
IH will be used to select the 
appropriate exposure standard 
(e.g., TLVs, AIHA WEELs,and 
NIOSH RELs). 

Powered platforms 

RWP 

ES&HP Sect 9.4 and AHA 

from the in-place operation of equipment 
(e.g., the working components of a brake, 
shear, lathe, drill press, drilling rigs, 
backhoes. bulldozers. or iacks). 

29 CFR 1926 

029 CFR 1910 I 29 CFR 1926 
IADC Accident Prevention I Manual for Drilling 

Aspects of pinch, crush, or run over 
personnel fiom movement of the entire 
piece of equipment (e.g., drilling rigs, 
backhoes. or bulldozers). 

29 CFR 1910 
29 CFR 1926 

Aspects of pinch or crush personnel from 
movement of the major equipment 
components (e.g., bridge cranes or 
monorails). 
Activities where employees use vehicles, 
carts, bicycles inside facilities. 

029 CFR 1910 
29 CFR 1926 

ES&HP Sect 7.15 

029 CFR 1910 
29 CFR 1926 
TCA 55-8-101 

029 CFR 1910 

Inspection and maintenance of railroad 
systems in Tennessee (excludes rail 
operations beyond the use of service 
vehicles for maintenance). 

29 CFR 1926 
0 49 CFR 213 
0 49 CFR 214 

49 CFR 216 
49 CFR 234 
(IA-49 CFR 234 applies only to 
track on DOE property) 
49 CFR 236 



0 

Work Control Documents to be 
Activity/Hazard/Issue Supplemental Criteria Standards for Paducah (KY) Implementation Guide used by SUBCONTRACTOR 

Special hand tools Air wrenches, special saws, powder- -29  CFR 1910 

OTHER 

0 

Boating and watercraft 

Stored mechanical energy 

Drowning 

-49 CFR 830 
DOE 0 440.1, Att.2, BJC 
Requirements Document, para. 

Aviation 

Firearms DOE-STD-1091-96, 
Firearms Safety 

General office Facilities, office equipment, work-place 
stress, etc. 

actuated nail euns. etc. 

29 CFR 1910 ANSVIES RP-1 
ANSVASHRAE 62- 1989 

Used to identify equipment under tension 
or temporarily elevated (e.g., compressed 
spring, blocked door). 

IXI 

29 CFR 1926 
029 CFR 1910 

29 CFR 1926 

Housekeeping 

I I 

29 CFR 1926 
-29  CFR 1910 

I 29 CFR 1910 I I 

ES&HP Sect 9, Sect 12 and AHA 

29 CFR 1926 I Kentucky-Title XIX- 

29 CFR 1926 
*NFPA 101 
*NFPA lOlA 
-29  CFR 1910 

29 CFR 1926 
29 CFR 1910 
29 CFR 1926 

-29  CFR 1910 

Activities over or near water. 

ANSHES RP-1 
ANSI/IES RP-7 

ES&HP Sect 7.9 

ES&HP Sect 12 

Aircraft flights 1) without passengers 
(e.g., aerial surveys) or 2) with 
passengers (e.g., charter flights). 

0 

Firearms use and storage of ammunition 
(security personnel). 
Activities which would involve exposure 
to,hunting in Paducah Wildlife 
Management Area. 

Illumination 

Sanitation 

Weather-related exposure Activities where employees could be 

29 CFR 1910 
29 CFR 1926 
14 CFR 77 
14 CFR 91 
14 CFR 135 

exposed to high winds, lightning, hail, 
rain, snow, etc. 

29 CFR 1926 

PL. 91-596, section 5(a)(l) Imminent dangers ES&HP Sect 7.6, Sect 12 and AHA 

DOE Order 440.2 

exposed to high winds, lightning, hail, 
rain, snow, etc. 

29 CFR 1926 

PL. 91-596, section 5(a)(l) Imminent dangers I ES&HP Sect 7.6. Sect 12 and AHA I 

-29  CFR 1910 I I ES&HP Sect 7.9 



Activity/Hazard/Issue Supplemental Criteria 
Injury and illness reporting 

acceptably low risk to personnel and the environment. Such modification, reduction, or elimination of protection shall be approved by the DOE-OR0 authority having jurisdiction 
(AHJ) for fire protection matters. 

c. 

2 

Work Control Documents to be 
Standards for Paducah (KY) Implementation Guide used by SUBCONTRACTOR 

29 CFR 1904 DOE 0 23 1.1, Injury and Illness ES&HP Sect 15.4 
Reporting 

' IA-The fire protection program shall establish guidelines for fire fighting within, or adjacent to, fissile material areas that use moderator control. These guidelines shall be based 
on comparisons of the risks and consequences of a criticality accident with the risks and consequences of postulated fires for the respective area(s). Risk and consequence 
comparisons may be a qualitative evaluation. The basis for the guidelines shall be documented and shall be consistent with the authorization basis documentation. 

ANSVANS-8.1: (IA-Sect. 3.3, Glossary of Terms, shall be read as follows: Bias-A measure of the systematic disagreement between the results calculated by a method and 
experimental data. The uncertainty in the bias provides a measure of the accuracy and the precision of the calculated values and also the experimental data. In determining and 
using bias, NCS analysts must recognize that accuracy may not be known or well understood in the calculated values and the experimental data and that precision may not be well 
characterized in the experimental data.) 

9 * 
P 

(IA-Sect. 4.2.2, Double Contingency Principle, shall be read as follows: Protection shall be provided by either (i) the control of two independent process parameters [which is the 
preferred approach, when practical, to prevent common-mode failure] or (ii) a system of multiple controls on a single-process parameter. The number of controls required upon a 
single-controlled process parameter shall be based upon control reliability and any features that mitigate the consequences of control failure. An exception to the application of 
double contingency, where single contingency operations are preferable, is presented in paragraph 5.1 of ANSVANS-8. 10. This exception applies to operations with shielding and 
confinement (e.g., hot cells or other shielded facilities). Process designs that do not incorporate the above factors of safety shall be justified and documented and the analysis must 
be approved by DOE.) 

(IG-Sect. 4.2.3, Geometry Control, first sentence, may be satisfied in the following manner: Where a significant quantity of fissionable material is being processed and criticality 
safety is a concern, passive-engineered controls such as geometry control shall be considered as a preferred control method. Where passive-engineered control is not feasible, the 
preferred order of controls is active engineered controls followed by administrative controls. The analysis shall support the chosen controls.) 

(IA-Sect. 4.2.3, Geometry Control, third sentence, shall be interpreted as: All dimensions, nuclear properties, and other features upon which reliance is placed shall be 
documented and verified prior to beginning operations and control shall be exercised to maintain them.) 

ANSVANS-8.3: 
(IA-Requirements relating to the needs for an alarm system (paragraphs 4.1.1 4.2.1 and 4.2.2) may be satisfied in the following manner; otherwise, compliance with ANSVANS 
8.3 is required. Criticality Accident Alarm Systems (CAAS) and Criticality Detection Systems (CDS) shall be required as follows (citation of the 10-6/year frequency in what 
follows does not mean that a probabilistic risk analysis must be performed, engineering judgment may be instead substituted): 

(1) In those facilities where the mass of fissionable material exceeds the limits established in paragraph 4.2.1 of ANSVANS-8.3 and the probability of a criticality accident is 
greater than 10-6 per year (as documented in a DOE-approved Safety Analysis Report (SAR) or in the supporting analysis for an SAR), a CAAS conforming to 
ANSVANS-8.3 shall be provided to cover occupied areas in which the expected dose exceeds 12 rads in free air, where a CAAS is defined to include a criticality accident 
detection device and a personnel evacuation alarm. An unoccupied area is one for which the combination of physical barriers and administrative controls prevents lawful entry. 

(2) In those facilities where the mass of fissionable material exceeds the limits established in paragraph 4.2.1 of ANSVANS-8.3 and the probability of a criticality accident is 
greater than 10-6 per year (as documented in a DOE-approved Safety Analysis Report [SARI or in the supporting analysis for an SAR) but there are no occupied areas in 
which the expected dose exceeds 12 rads in free air, a CDS shall be provided, where a CDS is defined to be an appropriate criticality accident detection device but without an 
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immediate evacuation alarm. The CDS response time should be sufficient to allow for appropriate process-related mitigation and recovery actions. Appropriate response 
guidance to minimize personnel exposure shall be provided by the BJC. 

(3) In those facilities where the mass of fissionable material exceeds the limits established in paragraph 4.2.1 of ANSVANS-8.3 but a criticality accident is determined to be 
impossible due to the physical form of the fissionable material, or the probability of occurrence is determined to be less than 10-6 per year (as documented in a 
DOE-approved Safety Analysis Report (SAR) or in the supporting analysis for an S A R  or in other appropriate documentation), neither a CAAS nor a CDS is required. 

Neither a CAAS nor a CDS is required for fissionable material during shipment when packaged in approved shipping containers or when packaged in approved shipping 
containers awaiting transport provided that no other operation involving fissionable material not so packaged is permitted on the shipping dock or in the shipment area. 

(4) If a criticality accident is possible wherein a slow (i.e., quasistatic) increase in reactivity could occur leading from subcriticality to supercriticality to self-shutdown without 
setting off emplaced criticality alarms, then a CAS might not be adequate for protection against the consequences of such an accident. 

To aid in protecting workers against the consequences of slow criticality accidents in facilities where analysis has shown that slow criticality accidents are credible, CASs 
should be supplemented by warning devices such as audible personnel dosimeters (e.g., pocket chirperdflashers or their equivalents), area radiation monitors, area dosimeters, 
or integrating CAASs. If these devices are used solely as criticality warning devices, they shall meet the requirements for monitoring instruments of 10 CFR 835.401. 

(5) Neither a CAAS nor a CDS is required to be installed for handling or storage of fissionable material when sufficient shielding exists that is adequate to protect personnel ( e g ,  
spent fuel pools, hot cells, or burial grounds); however, a means to detect fission product gasses or other volatile fission products should be provided in occupied areas 
immediately adjacent to such shielded areas, except for systems where no fission products are likely to be released. 

(IA-Sect. 5.3 may be satisfied in the following manner: The detection unit and primary annunciator of new criticality alarm systems or major modifications to existing 
systems shall remain operable in the event of seismic shock equivalent to the seismic qualification of the building, if such exists, or in the absence of same the lesser of a) the 

.site-specific design basis earthquake, b) the value specified in the Uniform Building Code, or c) the threshold acceleration value to which the building was designed.) 

k s 
9 
cn 

ANSI/ANS-8.7 (IA-In Sect. 5.2, the third sentence shall be interpreted as: The effects of more significant moderation shall be evaluated using a validated computational 
technique.) 

IA-The BJC shall have processes to identify and evaluate inadvertent accumulation of significant quantities of fissionable material. Processes include protocols, methods, 
approaches, or other systematic means to ensure that inadvertent accumulations either do not occur or are recognized and controlled. 



0 
0 

Activity/Hazard/Issue Supplemental Criteria Standards for Paducah (KY) 
Air emissions 
Construction of a new air emission 

0401 KAR 50,51,53,57,59,61, and 63 
40 CFR 60 

a regulated substance in excess of its 

0 

- 
cl 

source or modification of an existing 
one 
Emissions of a hazardous air 
pollutant 

threshold quantity 
A significant increase in emissions 
from modification of an existing source 

“Significant” increase is defined in 40 CFR 5 1.166 

Hazardous air pollutants for NESHAPs are asbestos, 
benzene, beryllium, coke oven emissions, inorganic 
arsenic, mercury, radionuclides, and vinyl chloride. 
Source categories are listed in 57 FR 31576 (July 16, 
1992). 
Regulated substances and their threshold quantities are 
listed in 40 CFR 68.130. 

Not found in PAD work scopes 

401 KAR 50,51,53,57,59,60,61, and 63 

40 CFR 61 
401 KAR 50 and 57 

or construction of a new source 
Motor vehicle fuel 40 CFR 80 

40 CFR 63 
401 KAR 50.61. and 63 

Ozone-depleting substances 
Hazardous substances (CERCLA) Hazardous substances are designated in 40 CFR 302.4 

40 CFR 68 
106 KAR 1 

40 CFR 82 
40 CFR 302 

Release or threatened release of 
hazardous substances 
Sale or transfer of federal real 
property 
Injury to natural resources resulting 

substances 
Extremely hazardous substances 

I from a discharge of hazardous 

106KAR 1 
40 CFR 300 
106KAR 1 
40 CFR 373 

43 CFR 11 

Extremely hazardous substances are designated in 40 CFR 40 CFR 355 

106KAR 1 I 401 KAR 65 

0 
Part 355, Appendix A. 
Toxic chemicals are listed in 40 CFR 372.65. 

106KAR 1 
40 CFR 372 Toxic chemicals 

Hazardous chemicals 
106KAR 1 
40 CFR 370 Hazardous chemicals are listed in 40 CFR 370.2 

Insecticides, fungicides, rodenticides, algicides, and 
herbicides. Restricted use pesticides are listed in 40 CFR 
152.175. 
Insecticides, fungicides, rodenticides, algicides, and 
herbicides 

pesticides 

106 KAR 1 
040  CFR 171 

302 KAR 3 1 

Work planning will identify the appropriate 
controls 

40 CFR 122 

IXI I Use or storage of nonrestricted use 
pesticides 
Point source discharges to surface 

I water 1 1.401 KAR4and5 

Work Control Documents to be 
used by SUBCONTRACTOR 

ES&HP 

ES&HP (MSDS) 

ES&HP 

Waste Management Plan (WMP) 
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ActivityDIazardnssue 
Nonpoint source discharges (i.e., 
storm water runoff) to surface water 

Supplemental Criteria Standards for Paducah (KY) 
40 CFR 122 and 232 

used by SUBCONTRACTOR 
Field Sampling Plan (FSP) 

Ix] 

0 

0 

0 

I I n I Infectious waste I 

Hazardous substances (CWA) 

Discharges to surface water of toxic 
pol 1 u t ant s 
Discharges to a publicly owned 
treatment works 
Use or disposal of sewage sludge 

Work in floodplain or wetlands 

Hazardous substances are designated in 40 CFR 1 16.4 

Toxic pollutants are identified in 40 CFR 129.4. 

Discharges of dredged or fill material 

I 0 Generation or collection of sanitary- I twe  solid waste 

0401 KAR 5 
040 CFR 122 and 129 

I 0 Generation of waste high-quality I DaDer or corrugated containers 

FSP 

I Work Control Documents to be 

0 
to surface waters or wetlands 
Structures or work in or affecting Navigable waters are defined in 33 CFR Part 329 

33 CFR 322 and 330 
0401 KAR4and5 

40 CFR 110 and 112 
0401 KAR 5 
-4OCFR 116and 117 

0 

navigable waters 

Construction, operation, or 
maintenance of any structure along or 
in the Tennessee River or its 
tributaries 
Injury to natural resources resulting 
from an oil spill 

Withdrawal of groundwater in 
Kentucky for remediation or water 
SUDDlY 

401 KAR 4 and 5 
Not found in PAD work scopes 

15 CFR 990 
40 CFR 112 
401 KAR 4 
401 KAR 4 

401 KAR 6:310 

40 CFR 260,261, and 262.1 1 
0401 KAR 30,31,32:010, Sect. 2 
Not found in PAD work scopes 

40 CFR 243 and 244 

40 CFR 244 
40 CFR 246 

40 CFR 503 

FSP 

WMP 

401 KAR 47 
10 CFR 1022 
33 CFR 320,323,325, and 330 
401 KAR 4 

Ix] 

Ix] 

40 CFR 232 
33 CFR 320,323,325, and 330 
10 CFR 1022 
33 CFR 320,322,325, and 330 

0401 KAR 4 

Installation or abandonment of a test 
hole or well 
Waste generation 

Standards contain requirements for other than water wells. 

Not found in PAD work scopes 
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Activity/Hazard/Issue 
Hazardous waste generation 

9 
c-. 
00 

Supplemental Criteria Standards for Paducah (KY) 
40 CFR 260,261 , 262,265, and 268 

Transportation of hazardous waste 
401 KAR 30,31,32,35,37, and 40 
40 CFR 261 and 263 

0401 KAR31.33.and40 
Existing permitted hazardous waste 
TSD unit 
New hazardous waste TSD unit 

40 CFR 264,268, and 270 
401 KAR 30,34,37,38, and 40 
40 CFR 264,268, and 270 I 401 KAR 30.34.37.38. and 40 

Interim status TSD unit 

Solid waste management units 

40 CFR 265 
401 KAR 35,37, and 40 

401 KAR 34:060. Sects. 1-12 
40 CFR 264.90-264.101 

Recycle or reuse of materials 

Waste batteries, pesticides, or 
thermostats 
Used oil 

Solid waste disposal 

Petroleum underground storage 
tank(s) 
Hazardous substance underground 
storage tank(s) 
Polychlorinated biphenyls 

40 CFR 247 
40 CFR 26 1, 262, and 266 
40 CFR 761.1,761.3,761.20, and 761.30 
401 KAR 3 1,32,36, and 40 
40 CFR 26 1,262, and 273 
401 KAR 31,32, and 43 
40 CFR 261,262, and 279 
40 CFR 761.1,761.3,761.20, and 761.30 

0401 KAR 31,32, and 36 
40 CFR 257 and 258 
401 KAR 30,40,45,47, and 48 
40 CFR 280 
401 KAR 42 

Not found in PAD work scopes 

40 CFR 761 
401 KAR 47; 106 KAR 1 

040CFR 116and 117 
0401 KAR 5 

40 CFR 302 
Test rule chemicals 
Export or import of chemical 
substances 
Potable water treatment or supply 

Test rule chemicals are listed in 40 CFR Part 790. Not found in PAD work scopes 
40 CFR 707 
106KAR 1 

040 CFR 141,142, and 143 

Work Control Documents to be 
used by SUBCONTRACTOR 

WMP 

system 
Injection of material into the 

FSP, WMP, Modification 

0401 KAR 8 
40 CFR 144 and 146 “Material” includes dye for tests. 

FSP, WMP, Modification 

subsurface 
Injection of hazardous waste into the 
subsurface 

FSP, WMP, Modification 

Not found in PAD work scopes 



! 

Activity/Hazard/Issue 
Asbestos 

Species of wildlife and plants that are 
federally listed as endangered, 
threatened, or of concern 
Species of wildlife that are state 
listed as endangered, threatened, or in 
need of management 
Species of plant that are state listed as 
endangered, threatened, or in need of 
management 
Sites, buildings, structures, or objects 
of historical simificance 

~ 

Alteration to, damage to, or 
destruction of a facility eligible for 
listing on the National Register of 
Historic Places 
Nationally significant property that 
illustrates or commemorates the 
history or prehistory of the United 
States 
Human remains, structures, or 
artifacts that are at least I00 Years old 
Excavation 

Construction on prime farmland 
Generation, handling, or processing 
of radioactive materials 

00-1 97(d0~)/083101 

Supplemental Criteria 

Endangered and threatened wildlife and plants are listed in 
50 CFR 17.1 1 and 17.12. 

Lists of Kentucky species are compiled by the Kentucky 
Nature Preserve Commission and published annually in 
Transactions of the Kentuckv Academv of Science. 
Lists of Kentucky species are compiled by the Kentucky 
Nature Preserve Commission and published annually in 
Transactions of the Kentucky Academy of Science. 
Consult appropriate Cultural Resource Coordinator. 

Consult appropriate Cultural Resource Coordinator. 

Consult appropriate Cultural Resource Coordinator. 

Standards for Paducah (KY) 
40 CFR 61,257,258, and 763 
401 KAR 45,57, and 63 
50 CFR 17 and 222 

301 KAR4 

301 KAR4 

36 CFR 60,63,65,78,79, and 800 
43 CFR 7 
36 CFR 60,63, and 800 

36 CFR 65 

36 CFR 79,296, and 800 

*43 CFR 10 
401 KAR 5 and 53 
7 CFR 658 
10 CFR 20. I30 1 (IA-Criteria provide 
protection comparable to DOE Order 5400.5, 
Chap. 11, Sect. 1.a) 

Any temporary increase in dose limit to be 
approved by DOE OR0 

10 CFR 20.1 101 (b) (IA-Criteria provide 
protection comparable to DOE Order 
5400.5, Chap. 11, Sect. 2 only) 
10 CFR 20.1302 (IGDOE Order 5400.5, 
Chap. 11, Sects. 6.b(l), 6.b(2)(a) through 
6.b(2)(d) provides consensus methods) 

Work Control Documents to be 
used by SUBCONTRACTOR 

FSP 

FSP 

FSP 

FSP 

ES&HP, WMP 



ActivitvIHazardIssue 
I'ransfer of radioactive material 

Radioactive effluent discharges to: 
air, surface water, ground-water, or a 
sanitary sewer 

Sumlemental Criteria Standards for Paducah (KY) 

agreement state license to receive material 

protection comparable to DOE Order 5400.5, 
Chap. 11, Sect. 1.a) 

Any temporary increase in dose limit to be 
approved by DOE OR0 

10 CFR 20.1 lOl(b) (IA-Criteria provide 
protection comparable to DOE Order 
5400.5, Chap. 11, Sect. 2 only) . 10 CFR 20.1302 (IG-DOE Order 5400.5, 
Chap. 11, Sects. 6.b(l), 6.b(2)(a) through 
6.b(2)(d) provides consensus methods) 

radioactive material to active or virgin soil 
columns are prohibited 

protection comparable to DOE Order 5400.5, 
Chap. 11, Sect. 1.a) 

Any temporary increase in dose limit to be 
approved by DOE OR0 

10 CFR 20.1 101 (b) (IA-Criteria provide 
protection comparable to DOE Order 
5400.5, Chap. 11, Sect. 2 only) 
10 CFR 20.1302 (IG-DOE Order 5400.5, 
Chap. 11, Sects. 6.b(l), 6.b(2)(a) through 
6.b(2)(d) provides consensus methods) 

IA-Receiver must have an NRC or 

10 CFR 20.1301 (IA-Criteria provide 

IA-New or increased discharges of 

10 CFR 20.1301 (IA-Criteria provide 

10 CFR 20 Appendix B, Tables 2 & 3 
10 CFR 20.2003 (IA-Criteria provide 
protection comparable to DOE Order 5400.5, 
Chap. 111, Fig. 111-1) 

DOE Order 5400.5, Chap. 111, Fig. 111-3 (IA- 
Radionuclide DCGs for air immersion only) 

Work Control Documents to be 
used by SUBCONTRACTOR 

ES&HP, FSP (App. A, Table A. 1 
and Sect. 1.6), WMP 



ActivitvIHazardlIssue 
Low-level waste: treatment, storage, 
or disposal 

Transuranic waste: treatment, 
storage, or disposal 

Supplemental Criteria Standards for Paducah (KY) 
IA-On-site disposal of low-level waste is 

10 CFR 20.130 1 (IA-Criteria provide 
outside the EMEF work scope 

protection comparable to DOE Order 5400.5, 
Chap. 11, Sect. 1 .a) 

Any temporary increase in dose limit to be 
approved by DOE OR0 

10 CFR 20.1 101 (b) (IA-Criteria provide 
protection comparable to DOE Order 
5400.5, Chap. 11, Sect. 2 only) 
10 CFR 20.1302 (IG-DOE Order 5400.5, 
Chap. 11, Sects. 6.b(l), 6.b(2)(a) through 
6.b(2)(d) provides consensus methods) 
10 CFR 20 Appendix B, Tables 2 & 3 
10 CFR 20.2003 (IA-Criteria provide 
protection comparable to DOE Order 5400.5, 
Chap. 111, Fig. 111-1) 

DOE Order 5400.5, Chap. 111, Fig. 111-3 (IA- 
Radionuclide DCGs for air immersion only) 

IA-On-site disposal of transuranic waste is 
outside the EMEF work scope 
10 CFR 20.1301 (IA-Criteria provide 
protection comparable to DOE Order 5400.5, 
Chap. 11, Sect. 1.a) 

Any temporary increase in dose limit to be 
approved by DOE OR0 

10 CFR 20.1 101 (b) (IA-Criteria provide 
protection comparable to DOE Order 
5400.5, Chap. 11, Sect. 2 only) 
10 CFR 20.1302 (IG-DOE Order 5400.5, 
Chap. 11, Sects. 6.b(l), 6.b(2)(a) through 
6.b(2)(d) provides consensus methods) 
10 CFR 20 Appendix B, Tables 2 & 3 
10 CFR 20.2003 (IA-Criteria provide 
protection comparable to DOE Order 5400.5, 
Chap. 111, Fig. 111-1) 

DOE Order 5400.5, Chap. 111, Fig. 111-3 (IA- 
Radionuclide DCGs for air immersion only) 

Work Control Documents to be 
used by SUBCONTRACTOR 

WMP 
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ActivitvIHazardnssue 
Property containing residual 
radioactive material 

Release of materials with radioactive 
contamination 

SuDDlemental Criteria Standards for Paducah (KY) 
40 CFR 300 
10 CFR 20.1301 (IA-Criteria provide 
protection comparable to DOE Order 5400.5, 
Chap. 11, Sect. 1.a 

Any temporary increase in dose limit to be 
approved by DOE OR0 

10 CFR 20.1 101(b) (IA-Criteriaprovide 
protection comparable to DOE Order 
5400.5, Chap. 11, Sect. 2 only) 
10 CFR 20.1302 (IG-DOE Order 5400.5, 
Chap. 11, Sects. 6.b( l), 6.b(2)(a) through 
6.b(2)(d) provides consensus methods) 
IA-Materials may be free released if release 
criteria have been approved by DOE and 
concurred in by the radiological authority in 
the receiving state. Any release criteria 
must meet the public dose limit in 10 CFR 
20.1301. For surface contamination, NRC 
Reg. Guide 1.86, Table 1, contains consensus 
release criteria that have been approved by 
DOE-ORO, NRC, and many states; 
however, some states may have more 
stringent criteria. If the Table 1 criteria is not 
appropriate due to special circumstances, the 
BJC may request DOE-ORO approval of 
supplemental limits. There are no consensus 
release criteria for volumetric 
contamination; therefore, they must be 
developed on a case-by-case basis. 
10 CFR 20.1301 (IA-Criteria provide 
protection comparable to DOE Order 5400.5, 
Chap. 11, Sect. 1.a) 

Work Control Documents to be 
used by SUBCONTRACTOR 

ES&HP 

FSP, WMP 



ActivityIHazardJIssue 
Release of materials with radioactive 
Contamination (continued) 

Release of materials without 
radioactive contamination 

Environmental radiological program 

General 

Supplemental Criteria 

Applicable to following A/H/I: 

a) Generation, handling, or processing of radioactive 

b) Transfer of radioactive material 
c) Radioactive effluent discharges-air, surface water, 

d) Low-level waste-treatment, storage, or disposal 
c) Transuranic waste-treatment, storage, or disposal 
r) Property containing residual radioactive material 
g) Release of property containing residual radioactive 

material 

materials 

groundwater, or a sanitary sewer 

Standards for Paducah (KY) 
Any temporary increase in dose limit to be 
approved by DOE OR0 

10 CFR 20.1 101(b) (IA-Criteria provide 
protection comparable to DOE Order 
5400.5, Chap. 11, Sect. 2 only) 
10 CFR 20.1302 (IG-DOE Order 5400.5, 
Chap. 11, Sects. 6.b(l), 6.b(2)(a) through 
6.b(2)(d) provides consensus methods) 
Reg. Guide 1.86, Table 1 (IA-These criteria 
provide protection comparable to DOE 
Order 5400.5, Chap. 111, Fig. IV-1 and 10 
CFR 835, Appendix D, values for TRU) 

41 CFR 109-45.5004-1 
IA-Materials may be free released if they 
have been demonstrated to not contain 
surface or volumetric contamination 
resulting fiom DOE activities 
IA-The BJC will use a tailored approach to 
environmental radiological management 
systems that addresses the following 
hnctions: 

reductiodminimization 
characterization 
segregation 
acceptance criteria 
packaging 
treatment 
storage 
disposal 
environmental surveillance 
preoperational monitoring 
meteorological monitoring 
reporting dose to the public 

IG-DOE Order 5820.2A and Draft 
10 CFR 834 

10 CFR 1021, NEPA 
42 U.S.C. S S 13101 et seq., Pollution 
Prevention Act 

Work Control Documents to be 
used bv SUBCONTRACTOR 

FSP, WMP 

WMP 

00-1 97(d0~)/083101 



Activity/Hazard/Issue 
Other Agreements 

9 
h) 
P 

Work Control Documents to be 
Supplemental Criteria Standards for Paducah (KY) used by SUBCONTRACTOR 

The current versions of federal, state, or DOE Agreements KPDES KY0004049 FSP, WMP 

letters, compliance agreements, consent decrees, and 
are Work Smart Standards (ie., site permits, approval 073-00014 

073-0001 5 
executive orders, as applicable). 073-00045 

Solid Waste 

RCRA ICY 8-890-008-982 
Federal Facility Agreement, February 13, 
1998 
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CFR 
DOE 
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kV 
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M&I 
PCBs 
PGDP 
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SAIC 
SPH 
STR 
TCE 
TCLP 
TRU 
TS 
TSCA 
TSD 
TSWP 
UCRS 
WAC 
WGP 
WMP 

Q W C  

Bechtel Jacobs Company LLC 
Code of Federal Regulations 
U.S. Department of Energy 
U. S. Department of Transportation 
direct push technology 
U.S. Environmental Protection Agency 
Environmental, Safety, and Health Plan 
granular activated carbon 
generator staging area 
health physics 
investigation-derived waste 
Kentucky Pollutant Discharge Elimination System 
kilovolt 
low-level waste 
management and integration 
polychlorinated biphenyls 
Paducah Gaseous Diffusion Plant 
personal protective equipment 
Quality Assurance/Quality Control 
Quality Assurance Program Plan 
Remedial Action Assessment Subcontract 
Resource Conservation Recovery Act 
Request for Disposal 
Regional Gravel Aquifer 
radioactive material area 
satellite accumulation area 
Science Applications International Corporation 
Six-Phase Heating 
Subcontract Technical Representative 
trichloroethene 
Toxicity Characteristic Leaching Procedure 
transuranic waste 
treatability study 
Toxic Substances Control Act 
treatment, storage, and disposal 
Treatability Study Work Plan 
Upper Continental Recharge System 
Waste Acceptance Criteria 
Waste Generation Plan 
Waste Management Plan 
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1. OVERVIEW 

This Waste Management Plan (WMP) is the primary document for management and final disposition 
of investigation-derived waste (IDW) that will be generated during implementation of a Six-Phase 
Heating (SPH) Treatability Study (TS) to be conducted near the southeast comer of C-400 Building. This 
TS is being conducted to determine if this particular technology would be an efficient and effective way 
to remove trichloroethene (TCE) from the vadose zone, the Upper Continental Recharge System (UCRS) 
soil, and the Regional Gravel Aquifer (RGA) groundwater. This WMP addresses the IDW management 
from the point of generation through final disposal or acceptance for interim storage by the Management 
and Integration (M&I) Contractor. Environmental restoration activities at the Paducah Gaseous Diffusion 
Plant (PGDP) are managed by the U.S. Department of Energy (DOE) M&I Contractor, Bechtel Jacobs 
Company LLC (BJC). All TS activities (including the waste management activities described herein) will be 
conducted by the BJC Remedial Action Assessment Subcontractor (RAAS), Science Applications 
International Corporation (SAIC). Under the RAAS, SAIC will be responsible for all waste management 
prior to acceptance of the waste by the M&I Contractor for interim storage or final disposal. Standard 
practices and procedures outlined in this WMP regarding the generation, handling, transportation, and 
storage of the IDW will comply with all DOE Orders, those BJC procedures referenced in Exhibit “E” of 
the RAAS Subcontract, Resource Conservation Recovery Act (RCRA) requirements, and/or Toxic 
Substances Control Act (TSCA) requirements should polychlorinated biphenyls (PCBs) become an issue. If 
PCBs are present, the SAIC Project Manager will notify the M&I Contractor Subcontract Technical 
Representative (STR) and shall invoke the change clause. Additional PGDP and DOE waste management 
guidelines have been incorporated into this WMP. 

A copy of this WMP will be available onsite during TS activities. Copies of the plan will be issued 
to the M&I Contractor STR and to the SAIC Waste Coordinator, who will be responsible for daily 
oversight of all waste management activities and for ensuring overall compliance with the WMP. 

The approach outlined in this WMP emphasizes the following objectives: 

management of IDW in a manner that is protective of human health and the environment; 

minimization of IDW generation, thereby reducing unnecessary costs (e.g., analytical costs) and 
usage of permitted storage and disposal facilities, which are limited in number; 

compliance with federal, Commonwealth of Kentucky, and DOE requirements; and 

selection of storage and/or disposal altemative(s) for the IDW. 

All waste management activities must comply with SAIC procedures, this WMP, and the Waste 
Acceptance Criteria for the Department of Energy Treatment, Storage and Disposal Units at the 
Paducah Gaseous Diffusion Plant, Paducah, Kentucky, BJC/PAD-11, Rev 3 (BJC 2001). This document 
is referred to throughout the rest of this plan as BJC/PAD-11. 

During the course of TS activities, including incorporation of enhanced work planning comments 
and/or changing field conditions, additional PGDP and DOE requirements may be identified. Necessary 
revisions to the WMP will ensure the inclusion of these additional requirements into the daily activities 
of waste management personnel. 
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2. WASTE PLANNING AND GENERATION 

2.1 WASTE PLANNING 

A Waste Generation Plan (WGP) is required prior to the generation of waste associated with this 
investigation. This form is in Appendix A of the Waste Acceptance Criteria (WAC) document, BJCRAD-11. 
Items to be completed per waste stream include the following: the waste stream description; volume (in 
cubic ft); the type of container to be used, including the number of containers in brackets; the preliminary 
category; characterization method; analytes; hture disposition; schedule; and comments. The information 
for these items will be located in the Treatability Study Work Plan for  Six-Phase Heating, Groundwater 
Operable Unit, Paducah Gaseous Diffusion Plant, Paducah, Kentucky, DOElOW07- 1 889&D2, (SPH 
TSWP) (DOE 2001), this WMP, and/or BJC/PAD-1 1. The WGP must be signed by the generator; the 
person filling out the report; the Treatment, Storage, and Disposal (TSD) Facility Manager; and the Waste 
Operations Manager. If the amount of waste to be produced changes significantly during the course of field 
activities, a revised WGP will be prepared. 

2.2 WASTE GENERATION 

A variety of potentially contaminated and noncontaminated types of IDW wiIl be generated during 
TS activities. All wastes generated from field-related activities have the potential to contain contaminants 
related to known or suspected past operational or disposal practices. Field activities associated with this 
TS may result in the generation of IDW that must be handled, stored, and disposed of in accordance with 
applicable Commonwealth of Kentucky, federal, and DOE guidelines. Table D. 1 shows the estimated 
quantities of IDW that may be generated during implementation of the TSWP. The remainder of this 
section provides a brief description of each waste stream. 

Table D.l. Estimation of investigation-derived waste 

Waste stream Volume Number of containers Comments 
Solidsatb 

Drill cuttings 1,41 1 ft3 280 
Personal protective equipment (PPE) and plastic 215 ft3 34 
Excess TS process media 75 ft3 11 

Misc. noncontaminated construction waste 35 ft3 5 
Decontamination sludge 17 ft3 3 

Activated Carbon 330,000 lbs 2611 7 

Liquids 
Decontamination water 1,900 gal 38 

h 

C 

Well development water 14,000 gal 255 
“The quantity of laboratory waste is incorporated in the volume of the applicable waste matrix instead of being listed as a 

’All containers for solid waste in this table (except activated carbon) are assumed to be 55-gal 1 A2/X Drums with 12-mil- 

‘The number of containers is estimated based on using 55-gal 1 A2/X Drums instead of a 1,200 gal tank. 
“The containers for granular activated carbon (GAC) contain either 13,000 or 20,000 Ibs., depending on supplier. 

separate line item. 

thick plastic liner and absorbent pad. 

2.2.1 Drill Cuttings 

Drill cuttings will be generated from the installation of groundwater monitoring wells, electrodes, 
vacuum monitoring piezometers, and post-test soil borings. It is assumed that all drill cuttings will have a 
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25% swell factor and that 6.5 ft3 (i.e., 10% - 12% void space) is placed in each 55-gal drum. All drill 
cuttings initially will be containerized until the proper disposition is ascertained. In addition, all cuttings will 
be placed in appropriately labeled drums and managed according to PGDP regulations and procedures. 

Seven electrode/soil vapor recovery wells will be installed to a depth of 30 m (97 ft). Assuming a 10% 
inch auger is used for the drilling activities, there will be approximately 21 m3 (742 fi3) of drill cuttings 
generated that will be containerized in approximately 149 55-gal drums. 

There will be 4 groundwater monitoring wells that extend to a depth of 35 m (1 10 ft). Assuming an 
8% inch auger is used for the drilling activities, there will be approximately 10 m3 (345 ft3) of drill 
cuttings generated, which will be placed in approximately 67 55-gal drums. 

Fifteen vacuum monitoring piezometers will be installed to the depth of approximately 18 m (58 ft). 
Assuming a 4%-inch auger is used, approximately 9 m3 (316 ft3) of dnll cuttings will be containerized in 
approximately 62 55-gal drums. 

In addition, 9 post-test soil borings will be installed to the depth of approximately 18 m (60 ft). These 
borings most likely will be installed using direct push technology (DPT) and will generate approximately 
0.23 m3 (8 ft3) of waste and will be placed in 2 55-gal drums. 

2.2.2 Personal Protective Equipment and Plastic Sheeting 

PPE will be worn as required by the Environmental, Safety, and Health Plan (ES&HP) contained in 
Appendix C of the TSWP (DOE 2001) for personnel performing activities in areas known to be, or 
suspected of being, contaminated. Before exiting the exclusion zone, personnel will doff and containerize 
all disposable PPE as potentially contaminated. The PPE will be considered to fall into the same waste 
classification as the materials with which it came into contact. The PPE will be segregated from aqueous 
and solid IDW and labeled appropriately. In addition, plastic sheeting used to place drill cuttings and to 
provide containmentlcover from the weather will be packaged and managed as part of this waste stream. 
The PPE and plastic will be managed by collecting it in a 55-gal 1A2/X Drum and disposing of that waste 
based on characterization of the drill cuttings by association with related locations. If proper control is 
not maintained for segregation, the PPE and plastic will be conservatively assumed to be contaminated. 

2.2.3 Miscellaneous Noncontaminated Construction Waste 

The DOE has implemented waste management activities for the segregation of all clean trash (i-e., trash 
that is not chemically or radiologically contaminated). Examples of clean trash are office paper, aluminum 
cans, glass bottles not used to store potentially hazardous chemicals, aluminum foil, and food items. During 
implementation of this WMP, all clean trash will be segregated according to the DOE M&I Contractor’s 
guidelines and then collected and disposed of by the SAIC Waste Coordinator once it has been approved 
for off-site disposal. 

2.2.4 Decontamination Sludge 

Decontamination sludge will be generated from cleaning drilling and sampling equipment. Liquid 
will be decanted, to the extent possible, and segregated into the decontamination water waste stream (see 
Sect. 2.2.6). This sludge will be sampled and managed similar to drill cuttings. It is anticipated that two 
55-gal drums of waste will be generated during decontamination activities. 
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2.2.5 Activated Carbon 

Activated carbon used on this project will be pre-packaged in ready-to-use containers. Upon arrival, 
a sample will be taken from each container to establish a radiological baseline for that container. As each 
container is saturated, it will be removed from the system, sampled, and stored in a radioactive material 
area ( M A ) .  Based upon results of post-use sampling (i.e., “no rad added” or “rad added”), the material 
will be returned to the vendor for regeneration and reuse or removed from the containers, drummed, and 
turned over to the M&I Contractor for interim storage as hazardous low-level waste (LLW). It is 
estimated that 330,000 lb will be used on this project. 

2.2.6 Excess TS Process Media 

Excess process media that has not been potentially contaminated, such as material removed from 
mixing equipment, hoses, etc., will be drummed, removed from the site, and disposed the same as other 
non-contaminated construction waste. Excess media that has been potentially contaminated through use 
or ground contact will be drummed, sampled, and characterized the same as drill cuttings. 

2.2.7 Well Development Water 

Well development water will be generated from flushing the four newly generated multi-port 
groundwater monitoring wells. It is estimated that 1,892 L (500 gal) of water is needed for each port of 
the monitoring wells that are installed. Therefore, approximately 53,846 L (14,000 gal) of well development 
water is expected to be generated. This water will be collected, sampled for characterization, and 
disposed of according to sample results. 

2.2.8 Decontamination Water 

Decontamination water will be generated from cleaning drilling and sampling equipment. It is expected 
that one 55-gal drum of decontamination water will be generated per drilling rig set up. Therefore, 
approximately 7,190 L (1,900 gal) of decontamination water is expected to be generated. This water will 
be collected, sampled for characterization, and disposed of according to sample results. 

2.3 WASTE MANAGEMENT TRACKING RESPONSIBILITIES 

IDW generated during the TS activities at PGDP will require a comprehensive waste-trackmg system 
capable of maintaining an up-to-date inventory of waste. To prevent inappropriate disposal of waste, the 
tracking system will document generation data and information necessary to determine the amount, if 
any, of contamination present in the waste so that proper disposal methods can be used. The ultimate 
disposal method will be the responsibility of the M&I Contractor STR. The following sections outline the 
approach to waste management tracking and M&I Contractor requirements. 

2.3.1 Treatability Study Waste Coordinator 

The SAIC Waste Coordinator will ensure that all IDW activities are conducted in accordance with 
the M&I Contractor’s requirements and this WMP. The SAIC Waste Coordinator, who will coordinate 
with TS field personnel and M&I Contractor’s Waste Management personnel, will oversee daily waste 
management operations. The SAIC Waste Coordinator will maintain a Waste Management Logbook, which 
will contain a complete history of generated waste and the current status of individual waste containers. 

D-4 



Before supplying waste storage containers to the field crews, the SAIC Waste Coordinator will ensure 
that each container is properly inspected to verify that it meets required specifications and has been properly 
labeled after transport to the work site (see Sects. 3 and 4). The M&I Contractor will supply the SAIC Waste 
Coordinator with Request for Disposal (RFD) forms and attachments and required waste container labels. 

Additional responsibilities of the SAIC Waste Coordinator include the following: 

a 
a 
a 

a 

a 

a 

a 
m 

a 
a 

and 

maintaining an adequate supply of labels; 
maintaining drum inventories at sites; 
interfacing with the necessary M&I Contractor’s personnel; 
preparing RFDs; 
tracking IDWs; 
ensuring that drums and containers are properly labeled; 
coordinating IDW transfers; 
sampling IDW containers to characterize wastes; 
transferring characterization data to the M&I Contractor’s Data Management Coordinator; and 
ensuring Generator Staging Areas (GSAs) and Satellite Accumulation Areas (SAAs) are properly 
established, maintained, and inspected in the field. 

The SAIC Waste Coordinator will update a computer-generated status sheet that can be retrieved quickly 
will list all waste generated during TS activities. The Waste Status Sheet will supply information 

pertaining to the following: 

a 

a 
a 
a 

a 

a 

a 
a 

a 
a 

a 

generation date; 
request for disposal number; 
waste origination point; 
waste type (solid or liquid); 
description (e.g., soil, PPE, plastic); 
quantity of waste; 
current location of waste; 
sampling status; 
sampling results status; 
resampling needed; and 
date released for disposal/to M&I Contractor’s interim storage facility. 

This status sheet will be supplied to the M&I Contractor STR monthly or whenever necessary to 
determine the status of a specific site’s waste. The M&I Contractor STR will provide a Waste Item 
Container Log that will be used to document each addition of waste to each container and tank. 

The SAIC Waste Coordinator will perform the majority of waste handling field activities. Drum 
labeling also will be the responsibility of the SAIC Waste Coordinator. This activity will involve 
coordination with the M&I Contractor’s Waste Coordinator. The SAIC Waste Coordinator will perform 
periodic inspections to verify that drums are labeled in accordance with the WMP guidelines. 

Periodically, during the conclusion of work-site activities, the SAIC Waste Coordinator will be 
responsible for ensuring waste characterization sampling of the IDW containers in accordance with this 
plan and the procedures outlined in Appendix A (the Sampling and Analysis Plan). When sampling is 
complete, the SAIC Waste Coordinator will coordinate with the M&I Contractor STR to determine final 
disposition of all IDW. If interim storage areas become full prior to receiving analytical results, then 
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temporary storage in a 90-day or long-term RCRA storage location will be provided by the M&I 
Contractor if required. Until the proper analytical or process knowledge paperwork is received, the waste 
still is the responsibility of SAIC. Similar coordination also will be required if decontamination water 
fiom the decontamination pad is moved to the stationary tanks for interim storage. 

The SAIC Waste Coordinator also will be responsible for waste characterization sampling of IDW liquids 
generated during TS activities. This waste will be sampled after being transferred into the waste holding area. 

The SAIC Waste Coordinator will complete all chain-of-custody forms relating to the shipment of 
waste characterization samples. Photocopies of the chain-of-custody form will be made; one will be 
placed in the project file, and one will be attached to the appropriate RFD form. The chain-of-custody 
form, along with the associated samples, will be transferred to the personnel responsible for packaging 
and shipping of waste samples. 

The SAIC Waste Coordinator will inspect the decontamination pad to ensure that waste generation 
is minimized to the extent possible and that the transfer of liquids to the waste holding area is arranged 
such that the work schedule is not delayed. If improper waste-handling activities are observed, the SAIC 
Waste Coordinator will notify the M&I Contractor STR and temporarily stop the improper activities. All 
activities not in compliance with the WMP will be identified and corrected before decontamination 
activities continue. 

2.3.2 Coordination with Field Crews 

The SAIC Waste Coordinator will be responsible for daily coordination with all field crews 
involved in activities that generate IDW. The SAIC Waste Coordinator will perform daily rounds of each 
of the TS work sites to oversee the IDW collection and will verify that procedures used by the field crews 
comply with the WMP guidelines. Any improper implementation of procedures will be documented in the 
Waste Management Logbook, and instructions for proper implementation of procedures will be given to the 
field crews. Documentation in the logbook during these work-site visits will include work-site location, 
waste container RFD numbers, type of waste, generation data, and names of personnel at that site. 

The M&I Contractor’s Waste Coordinator will be involved in scheduling the transfer of waste from 
the established temporary storage areas (GSA or SAA) to interim storage areas. After the M&I Waste 
Coordinator has approved the transfer of IDW into the waste storage area, the SAIC Waste Coordinator will 
coordinate the transfer. All the papenvork (RFD; Waste Item Log Sheet; Appendix A, B, or C; Process 
Knowledge Form; or Analytical Waste Variance Form; etc.) will be completed as soon as possible after 
the waste is generated. The RFD will be submitted to the M&I Contractor’s Waste Coordinator before 
the waste is delivered to the waste storage area. Copies of all RFDs will be maintained in the project file. 

Proper disposal of sample residuals resulting from waste characterization samples will be the 
responsibility of the analytical laboratory. 

2.3.3 Coordination with PGDP Waste Management 

The SAIC Waste Coordinator will be responsible for coordinating waste management activities with 
the M&I Contractor’s Waste Management Program. The SAIC Waste Coordinator will be available to attend 
any M&I Contractor-required meetings regarding waste management and handling during project activities. 

The SAIC Waste Coordinator will supply the M&I Contractor STR with monthly Waste Status Sheets 
that summarize the status of each IDW container as well as the area@) of IDW generation. Additional 
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documentation (i.e., RFD sheets, Waste Item Container Log, and the Waste Management Logbook) will 
be supplied when needed. The SAIC Waste Coordinator will direct the pickup and delivery of the IDW 
containers. 

The RFD forms and appropriate waste container labels will be supplied by the M&I Contractor. The 
RFD forms will be forwarded to the M&I Contractor’s Waste Coordinator when the waste listed on that 
RFD is delivered to the Contractor for interim storage or final disposal. 

The SAIC Waste Coordinator shall be notified by subcontractors before any IDW is transferred 
from work sites or decontamination pads. When the 4,548 L (1,200 gal) portable tanks have been filled, the 
M&I Contractor’s Waste Coordinator will be notified, in a timely manner, to obtain additional temporary 
liquid waste storage containers. 

All potentially contaminated IDW will be moved to a secure designated waste holding area (GSA or 
SAA) in a timely manner. 

2.3.4 PGDP Waste Management Training 

The SAIC Waste Coordinator and all field personnel will be required to attend the PGDP Waste 
Management Training Program. The 2.5-hour training session will address requirements for the proper 
segregation and disposal of wastes at PGDP. 

3. IDW REQUEST FOR DISPOSAL, LABELING, AND STORAGE 

All waste management activities must comply with SAIC procedures, this WMP, and the WAC, 
BJCIPAD-11. 

3.1 IDW RFD FORMS 

SAIC will complete the generation portion of the RFD form prior to shipping or transferring waste 
to the M&I Contractor. The RFD form is used as an internal manifest system. It is used along with 
supporting documentation [e.g., container log sheets, health physics (HP) radiological surveys, analytical 
data, LLW form, RCRA Mixed or PCB/Radioactive Waste form, Industrial Landfill Waste form, and the 
Waste Variance form) to provide a historical record of the waste generation activity and to compare it to 
the applicable WMP and WGP. The RFD form and several of the supporting documentation forms are 
presented in Appendix I of BJCPAD- 1 1. 

SAIC will provide a consistent waste description for field “W28” of the RFD form. The description 
will be “SPH TS IDW; (Waste Stream Description as presented in this WMP); [Specific Generation 
Location (e.g., monitoring well number and depth of cuttings)]; and any other specifics that will help 
facilitate treatment and/or disposal.” 

3.2 IDW LABELING 

SAIC will label and mark all containers consistent with information provided in the approved WGP. 
All waste containers will have the following labels and marking: waste container label, DOE waste label, 
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appropriate waste category labels, RFD number with appropriate date and contents written on the 
container in permanent marker, and HP Survey tag (if applicable). The placement of labels and markings 
is presented in Appendix D of BJC/PAD-11. In addition, if the waste category is RCRA hazardous mixed 
waste, the “Rad Label” will be affixed above the “DOE Label” as presented for LLW. If upon receipt of 
the analytical data and subsequent characterization, it is determined that the initial waste category is 
incorrect, the incorrect labels will be removed and the correct labels will be placed on the container. 

3.3 IDW STORAGE 

The SAIC Waste Coordinator will get GSAs and SAAs established for this project as required in 
Procedure RAAS-008, “Waste Generator Responsibilities for On-Site Temporary Storage of Waste 
Materials.” SAIC anticipates the GSAs and SAAs to be at the C-752-C or C-416 areas. Since the work 
site is in a secured area, short-term storage of waste drums at the work site will be permitted. 

The current storage facilities for Environmental Restoration waste at PGDP are the C-752-A and 
C-746-H3 Environmental Restoration Waste Storage Pads. These areas can be used to store nonhazardous 
waste, with no storage time limitation. The C-746-H3 storage pad also can be used to store hazardous waste 
for <90 days. After 90 days, the waste can be placed in the C-746-A, C-746-4, or C-733 RCRA Hazardous 
Waste Storage Areas. It is possible that some of the generated waste may be hazardous or mixed waste. 

4. TRANSPORTATION OF IDW 

The area where SPH TS activities will be conducted is located within the secured area of the PGDP. 
It is anticipated that most of the IDW generated will be temporarily stored at the C-416 decontamination 
area until final disposition is determined. All waste management activities must comply with SAIC 
procedures, this WMP, and BJC/PAD-11. 

4.1 REQUIRED EQUIPMENT 

The movement of drums and characterized or uncharacterized water storage tanks will be the 
responsibility of SAIC. SAIC will place IDW containers at each work site before investigation activities begin. 

Equipment that will be used to move IDW first must be inspected by SAIC and M&I Contractor 
personnel. Any equipment not meeting the requirements of this inspection will not be released for use 
during any TS activities until corrective actions have been made and approved. 

Types of equipment planned for use as part of the transportation process will include items such as 
stake-bed trucks (1 ton or larger), flat-bed trailers (capable of hauling four or more drums), and forklift 
trucks (able to maneuver effectively on hard surfaces and grass-covered areas). Straps will be used to 
secure drums to the vehicles during the transportation process. The Waste Management Procedure 
RAAS-0 17, “Opening Containerized Waste,” will be followed whenever drums are handled. 

4.2 CONTAINERIZATION AND TRANSPORTATION OF SOLID IDW 

Containerization of all solid IDW will be in accordance with Sect. 5 and App. B of BJC/PAD-11. 
Solid IDW will consist of soil cuttings from drilling operations, miscellaneous construction debris, and 
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decontamination sludge. In addition, compactable waste (i.e., PPE) will be transported from work sites as 
described in the following text. 

4.2.1 Types of Containers 

Solid waste must be containerized in U.S. Department of Transportation (DOT) 1A-2X drums or 
approved equivalents that are lined with a minimum 12 mil- (0.47244 inch-) thick plastic liner. SAIC will 
minimize the amount of free liquid. Any substantial amounts of free liquid will be decanted and placed in an 
approved container. Any residual amount of aqueous liquids in a drum of solid waste must be solidified. 
If the anticipated final disposition of the waste is interim storage then Stergo@, an absorbent granular 
material manufactured by Corpex Technologies, Inc., or a M&I Contractor-approved equivalent, will be 
added to the drum. If the anticipated final disposition of the waste is the M&I Contractor’s Landfill or 
commercial disposal, then a commercial dehydrated granular clay absorbent material will be added to the 
drum. The amount of granular absorbent used and the placement of absorbent within each drum will be in 
accordance with the manufacturer’s recommendations. Stergo@ or clay material will not be used to 
solidify nonaqueous liquids. 

All containers containing solids will not exceed 88% of capacity. 

4.2.2 Transportation of Containers 

When loading the drums for transport, forklift operators will use drum grabbers to place the drums 
onto the truck or flat-bed trailer. Other methods for loading the drums will not be allowed. After the drums 
are loaded, they will be strapped together and secured to the vehicle. Care will be taken when the drums are 
moved from the site onto the transportation vehicle or off the vehicle onto wooden pallets at the waste 
storage pad. Because public roads may be crossed, the exterior of the containers and pallets on which the 
containers are sitting will be completely cleaned of mud and debris before they are removed from the 
work site. 

Movement of carbon containers will be performed with equipment specifically designed for moving 
them and by personnel properly trained in the operation of this equipment. 

4.3 CONTAINERIZATION AND TRANSPORTATION OF LIQUID IDW 

Liquid IDW will consist of well development and decontamination water generated at the 
decontamination pad and the TS site. Methods for containerization and transportation are described in the 
following text. 

4.3.1 Types of Containers 

All waste management activities must comply with SAIC procedures, this WMP, and BJUPAD-11. 
Liquid IDW will be transported in 4,548 L (1,200 gal) mobile tanks and will be transferred into either 
4,548 L (1,200 gal) portable or 9,475 L (2,500 gal) stationary tanks. A Waste Item Container Log will be 
maintained for each tank showing the history, generation date, analyses performed, and source of the 
waste water. The tanks will not be filled to more than 90% of capacity. 

In addition, liquid IDW will be stored in 208 L (55  gal), 1Al DOT-approved, closed-top drums 
approved for storage of liquids. A minimum of 7.62 cm (3 in.) of headspace will be maintained in all 208 L 
(55 gal) drums used for storing liquid wastes to allow for expansion of the contents. 
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4.3.2 Transportation of Containers 

Mobile tanks supplied by the M&I Contractor will require a vehicle equipped with an appropriate 
hitch as well as wiring used to operate the trailer lights. Before any liquid IDW is transported, the SAIC 
Waste Coordinator will ensure that the trailer lighting system is functioning properly and that the tires are 
properly inflated. If problems with the trailer are identified, the M&I Contractor’s Waste Coordinator will 
be notified so that replacement or repairs can be arranged. The transportation of 55-gal drums containing 
liquid IDW will follow the same procedures as those discussed for drums containing solid IDW. Drums 
containing liquid IDW will not be stored on the same pallet as drums containing solid IDW except during 
transportation. 

5. SCREENING OF TS ANALYTICAL SAMPLES 

During the course of treatability study field activities, screening of samples in the field and in an on-site 
laboratory will be performed routinely to protect the health and safety of on-site personnel and to ensure 
compliance with regulatory guidelines. All samples to be shipped offsite for laboratory analyses will be 
screened for radiation at an on-site laboratory before shpment and will receive approval for off-site analysis. 

5.1 FIELD SCREENING 

Field screening for health and safety will be conducted during project field activities and sample 
collection. The field screening to be performed will incorporate the use of an organic vapor analyzer, 
organic vapor meter, or HNu equipment to monitor organic vapors as well as radiation meters capable of 
detecting alpha and beta/gamma radioactivity. An elevated reading from any field monitoring will be 
cause for a reevaluation of the current waste categorization, labeling, and handling activities. 

5.2 ON-SITE LABORATORY RADIATION SCREENING 

The PGDP on-site laboratory will analyze all waste characterization samples. Screening for off-site 
shipment is not anticipated for this TS. 

All samples that must be shipped offsite for analysis first will be screened for radiation so that DOT 
limits will not be exceeded. Currently, the limit on specific activity is < 2.0 @/ml for liquid wastes or 
< 2.0 pCi/g for solid wastes. 

If screening results are below the DOT limit, the PGDP will approve shipment of the samples offsite 
to the approved laboratory for the requested analyses. Samples with radioactivity levels < 2.0 pCi/ml for 
liquid wastes or < 2.0 pCi/g for solid wastes will not be allowed offsite. 

6. IDW CHARACTERIZATION, SAMPLING, AND ANALYSIS 

Wastes generated from sites designated as potentially contaminated will be sampled and analyzed to 
characterize and classify them for proper laboratory handling, record keeping, transfer, storage, and disposal. 
Waste analyses will be performed using U.S. Environmental Protection Agency (EPA)-approved procedures, 
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as applicable. Analysis required for hazardous waste classification will reference EPA SW-846. Waste-water 
analysis will reference Clean Water Act andor Safe Drinking Water Act procedures. Quality Assurance/ 
Quality Control (QNQC) requirements and data management requirements as specified in the Quality 
Assurance Project Plan (QAPP) [Appendix B of the SPH TSWP (DOE 2001)] and the Data Management Plan 
[Sect. 7 of the SPH TSWP (DOE 2001)] will be followed for all waste characterization sampling activities. 

Characterization information and guidance is provided in BJCRAD-11 and Exhibit “E” of the 
Contract between SAIC and the M&I Contractor (hereafter referred to as the “Contract”). The SAIC 
Waste Coordinator will coordinate with the M&I Contractor’s Waste Coordinator and the M&I Contractor’s 
Sample Management Officer for required analysis collection and transfer of characterization samples to a 
fixed-base laboratory. 

6.1 IDW CHARACTERIZATION 

Based on sample analyses, the IDW will be classified into one of the following categories: RCRA 
hazardous waste; PCB waste; transuranic waste (TRU); LLW; mixed waste; and non-hazardous waste. 

6.1.1 Resource Conservation and Recovery Act Hazardous Waste 

The IDW will be classified as a RCRA hazardous waste if it meets one of the two following criteria. 

1. The IDW contains an EPA-listed hazardous waste identified in 40 Code of Federal Regulations 
(CFR) 261.31 through 261.33. 

2. The IDW exhibits characteristics of hazardous wastes, including ignitability, corrosivity, reactivity, 
or toxicity as described in 40 CFR 261.2 1 through 261.24. 

To determine whether a waste is RCRA listed, its source must be identified. Site information, such as 
storage and disposal records, manifests, and spill reports will be used to determine source identity. When 
such documentation is unavailable, it will be assumed that the wastes are not RCRA-listed hazardous 
wastes (EPA 1992). If documentation confirms the IDW contains RCRA-listed waste from a process, spill, or 
disposal that occurred after the effective date of RCRA regulations (November 19, 1980), the IDW will 
be managed as a hazardous waste in accordance with the EPA Contained-In Policy. This policy requires any 
mixture of a nonsolid waste (environmental media) and a RCRA-listed hazardous waste to be managed as a 
hazardous waste as long as the material contains the listed hazardous wastes above health-based standards. 

The following procedure (as outlined in Fig. D.1) will be used to determine which, if any, of the 
SPH TS-generated IDW is RCRA waste. 

The IDW will be appropriately containerized onsite and documented properly (through the use of 
fix-on labels and other records listing the source, date, and type of material). 

The IDW containers will be moved to the designated waste holding area for temporary storage. 

The analytical results from the characterization samples collected during implementation of this 
W P  will be compared with the total analysis regulatory limits listed in Appendix F of BJCPAD-11. 
If the analytical values from the samples are less than the total analysis regulatory values, the 
corresponding IDW will be assumed to be non-RCRA waste and will remain at the designated waste 
holding area until final disposal. 
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For sample analytical values that exceed the total extraction limits or where samples/parameters 
were not analyzed for total analysis regulatory limits, a Toxicity Characteristic Leaching Procedure 
(TCLP) will be run on the corresponding IDW. If the samples exceed the TCLP regulatory limit 
(Appendix F of BJCPAD-1 l), the IDW will be managed as RCRA waste. If the TCLP regulatory limits 
are not exceeded, then the IDW will remain at the designated waste holding area until final disposal. 

If the total analysis regulatory limits exceeded include volatile organics then, because of holding 
time limitations for volatile organics, the IDW will be managed as RCRA waste. 

Analytical data will be used to make recommendations on the disposition of drill cuttings. For 
example, if none of the soil collected exceeds the total extraction limits in Table 1.1, Exhibit E, of the 
RAAS subcontract, the soils generated during the excavation activities (e.g., drilling) will not be 
considered RCRA waste. 

The authority for using this method of evaluating the need for further testing is 40 CFR Part 261, 
Appendix 11, Method 13 1 1, “Toxicity Characteristic Leaching Procedure,” Item 1 -2, which states, “If a 
total analysis of the waste demonstrates that individual contaminants are not present in the waste, or that 
they are present but at such low concentrations that the appropriate regulatory thresholds could not 
possibly be exceeded, the TCLP need not be run.” 

6.1.2 PCB Wastes 

The IDW will be classified based on threshold levels of PCB concentrations in the solid or liquid 
waste, not on PCB concentrations of the original source material. Any IDW that contains PCBs between 
the practical lowest level of detection in the waste matrix (i.e., 0.1 ppb in water and 1 ppm in soil) and 
less than 50 ppm shall be classified as PCB-detectable waste. Any waste that equals or exceeds 50 ppm 
shall be classified as PCB waste. Based on previous analytical data, it is not expected that PCB- 
detectable waste or PCB waste will be encountered during the SPH TS. 

6.1.3 TRU Wastes 

TRU wastes are those that are contaminated with elements that have an atomic number greater than 92, 
including neptunium, plutonium, americium, and curium that are in concentrations greater than 100 nCi/g. 
Although it is possible that TRU elements may be detected in the SPH TS, it is unlikely that any of the 
waste generated during this TS will be above the threshold limit. Previous analytical data is available to 
make this determination. 

6.1.4 Low-Level Wastes 

LLWs are described as any nonhazardous, non-PCB, or non-TRU waste containing radioactivity or 
other radionuclides in a concentration greater than the latest off-site release criteria and are not classified 
as high-level waste, TRU waste, spent nuclear fuel, or byproduct material. LLWs will be generated in the 
SPH TS. All waste have the potential to be classified as LLW for this project. 

6.1.5 Mixed Wastes 

Mixed wastes are any materials that have been classified as hazardous and/or PCB wastes and that 
are also classified as LLW and/or TRU waste. It is possible that mixed wastes will be generated during 
the SPH TS. Possible mixed waste streams include drill cuttings, decontamination sludge, development 
water, and decontamination water. 

505099 
00-197(d0~)/083 101 D-13 



6.1.6 Nonhazardous Wastes 

IDW that does not meet the classification requirements of RCRA hazardous wastes, PCB wastes, 
LLW, TRU waste, or mixed wastes will be classified as nonhazardous waste. 

6.2 SAMPLING AND ANALYSIS OF IDW 

The SAIC Waste Coordinator will be responsible for sampling the solid and liquid IDW as needed. 
During sampling, all appropriate health and safety concerns will be addressed. Sample materials from 
different containers will not be mixed, and only containers requiring further characterization will be 
sampled. Table D.2 summarizes waste characterization requirements. The sampling procedures for waste 
characterization are described in the following text. 

6.2.1 Solid IDW 

The analytical results for IDW will be compared with the total analysis regulatory limits in Table 1.1 of 
Exhibit “E” for RCRA classification and to the limits in Table 1.4 of Exhibit “E” of the Contract to 
support classification efforts for TRU wastes, LLW, and PCB wastes. If the total analysis results are less 
than the levels presented in Table 1.1, then the soil IDW will be considered non-RCRA waste and will 
require no further sampling. If the results exceed the values in the table or total analysis data is not 
available, the IDW will be considered a potential RCRA waste and must be sampled for the TCLP 
parameters listed in Table 1.3 of Exhibit “E” of the Contract. 

6.2.2 Aqueous IDW 

All liquid waste samples will be collected directly from the 9,475 L (1,200 gal) stationary tanks or 
4,548 L (1,000 gal) mobile tanks located in the secured storage area. One sample will be collected from 
each tank when the tank has reached capacity. This sample will be analyzed for oils, grease, PCBs, and 
radionuclides only. 

Samples will be collected either by filling a sample container directly from a drain valve near the 
base of the tank or by collecting a sample from a port at the top of the tank. Collecting samples from the 
drain valve is the preferred method but will be conducted only if the drain valve is high enough from the 
ground to allow containment of any spilled material. Equipment for both sampling methods will be 
available during sampling episodes. One duplicate sample will be obtained for every 20 samples collected. 

After initial characterization results are obtained, waste water determined to be within the appropriate 
Kentucky Pollutant Discharge Elimination System (KPDES) discharge limits will be processed to 
remove total suspended solids to an acceptable level and transferred to a 20,000 gal. storage tank. Once 
full, the 20,000 gal. tank will be sampled for complete characterization as specified in Table 1.4 of 
Exhibit “E” of the contract. Waste water that is below KPDES outfall discharge limits will be discharged 
to the designated KPDES outfall after National Environmental Policy Act approval. Waste water above 
KPDES outfall discharge limits and TCLP regulatory limits will be treated to levels below KPDES outfall 
limits by the M&I Contractor and discharged within 90 days of receipt of the waste characterization 
results. Waste water that fails the TCLP and cannot be treated for KPDES discharge within 90 days will 
be stored in accordance with applicable regulations until KPDES discharge limits can be achieved or an 
alternate disposal method is determined. 
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Table D.2. Summary of IDW sampling and analysis for the Six-Phase TS 

Sample 
Waste Stream Volume Requirements Solid Liquid Analytical Requirements 

SOLIDS 
Drill cuttings 

(Drums) 
280 

(4 roll-offs) 

PPE and plastic 31 

Excess TS process media 11 

Misc. non-contaminated 5 
construction waste 

Decontamination sludge 2 

GAC 17 
20,000 lbs 
container 

LIQUIDS (Gals) 
Monitoring well development 14,000 

Decontamination water 1,900 

QNQC SAMPLES 
Field equipment blanks NIA 

Trip blanks 

Field duplicates 

NIA 

NIA 

a5 
(one 5-point 

composite sample 
per roll-off) 

None 

None 

None 

1 Idrum 

2 composite per 
container 

1/1,200 gal 

1 / 1,200 gal 

1/20 samples 

h 

c 

4 

NA 

NA 

NA 

2 

34 

N/A 

NIA 

NIA 

NIA 

9 

178 

NIA 

NA 

NA 

NA 

NIA 

NIA 

121 
1 

21 
1 

7 

1 

15 

Exhibit “E” Tables 1.1, 1.2, and 
1.3 of the RAAS Contract. 

Based on associated drill cuttings 
analytical data 

Process knowledge 

Process knowledge 

Tables 1.2 and 1.3 of “Exhibit E” 
of the RAAS Contract 

Table 1.2 of Exhibit “E” of the 
RAAS Contract. 

12-Oil, grease, & PCBs only. 
1 -Table 1.4 of “Exhibit E” of the 
RAAS Contract 

2-Oil, grease, & PCBs only. 
1 -Table 1.4 of “Exhibit E” of the 
RAAS Contract 

Table 1.4 of “Exhibit E” of the 
RAAS Contract 

vocs 
Same as original sample 

TOTAL ~~ 

“If field radiological surveys dictate, drums of drill cuttings will be emptied into 20 yd3 roll-offs. Each roll-off will be 
sampled by collecting one 5-point composite sample from each roll-off for complete analysis. 

‘One field duplicate for every 20 samples per waste matrix (i.e., solids and liquids). If debris waste were to be sampled, it 
would need a separate field duplicate than the one for solids because the collection method would differ. 

trip blank per shipment container with VOC sample material. 

7. SAMPLE RESIDUALS AND MISCELLANEOUS WASTE MANAGEMENT 

Sample residuals will be disposed of by the contracting laboratory. 
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8. WASTE MINIMIZATION 

Waste minimization requirements that will be implemented, as appropriate, include those established 
by the 1984 Hazardous and Solid Waste Amendments of RCRA; DOE Orders 5400.1, 5400.3, and 435.1; and 
the M&I Contractor. Requirements specified in the M&I Contractor’s WMP regarding waste generation, waste 
trackmg, waste reduction techniques, and the waste reduction program, in general, also will be implemented. 

To support the M&I Contractor’s commitment to waste reduction, an effort will be made during all 
field activities to minimize waste generation as much as possible, largely through ensuring that potentially 
contaminated soils are localized and do not come into contact with any clean media that could create 
more contaminated waste. Waste minimization also will be accomplished through waste segregation, 
selection of PPE, and waste handling (spill control). 

Solid wastes such as Tyvek coveralls and packaging materials will be segregated. An attempt will be 
made to separate visibly soiled Tyvek coveralls from unsoiled ones. In some instances, partially soiled 
coveralls can be cut up and segregated. Other solid waste will not be allowed to contact potentially 
contaminated drill cuttings. Efforts will be made to keep Tyvek coveralls clean, reuse clean coveralls, 
and wear coveralls only when absolutely necessary. Proper waste handling and spill control techniques 
will help minimize waste, particularly around the decontamination areas where decontamination water 
must be contained. In addition, hoses used in the decontamination area will not be permitted to leak, 
which would create additional waste water that would require disposal. 

9. HEALTH AND SAFETY ISSUES RELATED TO IDW ACTIVITIES 

Health and safety procedures will follow the ES&HP [contained in Appendix C of the SPH TSWP 
(DOE 2001)J used by field crews during site-specific activities. Health and safety issues pertaining to 
waste management at the PGDP are addressed in the ES&HP. 

10. REFERENCES 

BJC (Bechtel Jacobs Company LLC) 2001. Waste Acceptance Criteria of the Department of Energy 
Treatment, Storage, and Disposal Units at Paducah Gaseous Diffusion Plant, Paducah, Kentucb, 
BJCIPAD-11, Rev. 3, Bechtel Jacobs Company LLC, Kevil, KY, March. 

EPA (U.S. Environmental Protection Agency) 1992. Guide to Management of Investigation-Derived 
Wastes, OSWER Directive 9345.3-03 FS, Office of Solid Waste and Emergency Response, U.S. 
Environmental Protection Agency, Washington, DC. 

EPA 1 994. Test Methods for Evaluating Solid Water, PhysicalKhemical Methods, Third Edition, 
SW-846, U.S. Environmental Protection Agency, Washington DC, November. 

DOE 200 1. Treatability Study Work Plan for Six-Phase Heating, Groundwater Operable Unit, Paducah 
Gaseous Diffusion Plant, Paducah, Kentuclj, DOElOW07- 1 889&D2, August. 
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APPENDIX E 

DERIVATION OF TCE AND "Tc SOURCE ZONE VOLUMES 
FOR THE WAG 6 AREA 

PADUCAH GASEOUS DIFFUSION PLANT 
PADUCAH, KENTUCKY 
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DERIVATION OF SOURCE ZONE VOLUMES 

TNTRODUCTION 

The WAG 6 Remedial Investigation (RI;) collected subsurface soil 
and water samples from 133 boreholes within and adjacent t o  the 
C-400 block. As anticipated and documented in t h i s  calculation 
package, the  data confirm that the C-400 area contains the 
primary sources of trichloroethene (TCE) and technetium ("Tc) 
to the Northwest Plume and a plume trending east from the north 
corner of the C- 400 block. Useful characterization data are 
largely derived from soil samples in the UCRS and water samples 
within the RGA. 

99 

Taken together, the data indicate the presence of four discrete 
sources of TCE and t w o  discrete sources of Tc near  C-400. In  
addition, there is a di f fuse  source of Tc on the east side of 
the C-400 building and an undefined source of Tc south of the C- 
400 block that impacts water quality in the lower RGA on the east 
side of the C-400 Building. 

99 

99 

99  

TCE DNAPL SOURCE ZONES 

This analysis of the WAG 6 data infers the presence of four  TCE 
DNAPL 6ource zones located: 1) at the site of a former TCE 
transfer pump (southeast C-400 block), 2) along the storm s e w e r  
a t  the C-400 Leak Site/SWMU 11 (southeast C- 400  b l o c k ) ,  3) along 
the storm sewer exiting the south end of the (2-400 Building 
(southwest C-400 b l o c k ) ,  and 4 )  beneath the C-403 Neutralization 
Pit/SWUM 4 0  (northeast corner C- 400 b l o c k ) .  

Only the southeast corner of the C-400 block is sufficiently 
sampled in 3-dimensions to map/rnodel TCE levels within the UCRS 
DNAPL zone. Because no meaningful data regarding TCE levels in 
RGA soils could be collected by the WAG 6 RI, the depth and width 
of the RGA source zone must  be inferred from the dimensions and 
vertical trends of the resulting dissolved-phase plumps and 
conceptual models. Appendix A presents isoconcentxation maps of 
TCE in soil for the southeast C-400 block. 

For the DNAPL source zone associated with the C-400 Building 
southwest storm sewer, the UCRS so i l  data define TCE in soil 
concentrations near t h e  edge of the DNAPL zone and a perimeter of 
very low to nondetect levels of TCE in soil. Appendix B presents 
the TCE-in-soil analyses for t b i s  area. The presence of DNAPL at 
the C-403 Neutralization P i t  (SWMU 40) is inferred solely from 
levels of dissolved-phase TCE, both in the RGA and in water that 
collected within the C-403 Neutralization P i t  during the RI. 
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"TECHNETIUM SOURCE ZONES 

9 9  The dimensions of the Tc source zones in the UCRS are based on 
conceptual models. Too few Tc analyses resulted from the WAG 6 
RI. However, the plot of dissolved beta activity to '"Tc activity 
shows a strong, near 1:1, relationship (Figure 1). The RI 
provides sufficient analyses of dissolved beta activity to map 
the primary Tc source to the Northwest Plume in the northwest 
corner of the C-400 block. This source zone is south of the  Waste 
Discard Sump/SWMU 203 (located at the northwest corner of the C- 
400 Building). The former Technetium Storage Tank/SWMU 47 appears 
to be the likely remaining candidate spill source. Elevated 99Tc 
activity in s o i l  was detected in soil borings at the former tank 
loca t i on. 

99 

99 

Dissolved beta activity suggests a second discrete source of 99Tc 
exists at the northeast corner of the C- 400 Building. The C-403 
Neutralization Pit/SWMU 4 0  appears to be the Tc source. High 
dissolved Tc activity has been reported from a shallow w e l l  
adjacent to C-403. The water that collected in the C-403 Pit 
during the RI had high beta activity. 

99 

99 

The upper RGA on the east side of the C- 400 Building has a near 
uniform beta activity of 100-200 pCi/L. This activity appears to 
be derived from a diffuse source. The fan room plenum basement on 
the east s ide  of the building is a potential release mechanism 
w i t h  appropriate s i z e  to generate an UCRS source with low 
activity . 

Much higher dissolved beta activity, 800-900 pCi/L appears neur 
the base of the RGA on the east s ide  of the C-400 Building. This 
increase in beta activity appears to be due to a separate plume 
flowing i n t o  the C-400 area from the south. The source of this 
plume remains undefined. 

DISSOLVED PHASE PLUMES 

Appendix C provides TCE isoconcentration contour maps and beta 
isoactivity contour maps of the RGA in the C-400 area. Previous 
interpretations of the groundwater contaminant plumes at PGDP, 
consistent w i t h  the present interpretation, indicate significant 
la te ra l  and vertical development of the plumes. Consequently, the 
data set was discretized vertically to generate 'sl ice'  maps. As 
determined by the sampling frequency, the dissolved phase 
contaminant levels are grouped for mapping in five ft thick 
intervals between the elevations of 285 f t  and 315 ft above mean 
sea level. 
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To constrain the possibilities regarding the number and locations 
of source axeas and location and orientation of plumes, these 
maps have been contoured to be compatible (flow directions 
inferred from dissolved TCE trends match flow directions inferred 
from dissolved Tc trends).  An additional constraint placed on 
the contour maps was that the inferred flow direction could not 
significantly change between adjacent depth intervals. Thus, data 
from adjacent depth intervals biases the contour interpretation, 
maximizing the use of the available data. 

99 

Vertical flow predominates in the UCRS and has significant impact 
in the uppermost RGA, where the sediments typically are finer 
grained than the middle and lower RGA (interpreted to mean the  
upper RGA has a lower hydraulic conductivity than the middle and 
lower RGA). T h u s ,  the high contaminant: levels in the top 'slice' 
interval mark the entry point of the DNAPL or core of dissolved 
contamination in to  the RGA and help to point to the spill 
location. 

Lateral trends of the main contaminant plumes sourced in the C- 
400 area are well developed in the next lower internal, 3 0 5 . 0  - 
309.9 ft. With increasing depth, the impact o f  the  shallow DNAPL 
sources are diminished and the areal extent of the high 
concentration TCE core of the plume becomes smaller. 

DEPTH OF MXQRATION OF TCE DNAPL 

As interpreted by these vertical trends, the C-403 DNAPL source 
is constrained to the UCRS. (This site impacts dissolved phase 
TCE levels only down to an elevation of 310 ft). It appears that 
the DNAPL source zones associated with the TCE Leak Site/ S W U  11 
and the south-end storm sewer penetrate to the upper RGA. (These 
sites influence dissolved phase TCE levels down to an elevation 
of 300 ft.) TCE, as DNAPL, from the TCE transfer pump appears to 
have dgrated to the base of the RGA where a small DNAPL pool has 
formed. (TCE levels in nearby boring 400-037 increase at the base 
of the RGAJ 

DEPTH OF 9 9 ~ ~ ~ ~ ~ ~  SOURCE 

Dissolved-phase beta activity is limited to the upper RGA beneath 
C-403, suggestive of a source term in the UCRS. This is 
consistent with the expected behavior of Tc. The high solubility 
of 99Tc in oxidized water, such as the RGA, would tend to inhibit 
the development of a secondary source in the RGA. 

9 9  

9 9  The depth of penetration of the Tc source tentatively associated 
with the Technetium Storage Tank (SWUM 4 7 )  remains uncertain. 
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Here, the dissolved-phase beta activity penetrates to the base of 
the RGA. O n e  possible interpretation is that the oil containing 
the 9 g T ~  concentrate ( a  mixture of polyaromatic hydrocarbons 1 also 
w a s  a DNAPL that has penetrated to the base of the RGA. No 
indications of a polyaromatic hydrocarbon source are known from 
the northwest C-400 Building area. Presumably, these oils have 
very low solubilities that would not result in an appreciable 
dissolved-phase plume of polyaromatic hydrocarbons. 

Depth Elevation of Base of 1 Representative Assumed 
Lithology Porosity Interval Interval 

(ft) (ft) (%F) . 
0-33 346 s i l t  to lsilty clay 36 

DNAPL VOGUME CALCULATION IN THE UCRS 

3 3- 4 5  
4 5- 5 7  

Southeast C-400 Block (TCE Transfer Pump and TCE Leak Site/ 
S W  11 Source Zonerr 

1 I 4 
334 gravely sand 36 
322 silty sand to fine sand 36 

Table 1 summarizes the soil textures described from boring 400-  
2 0 7 .  This boring is being used to represent the geology of the 
UCRS for the source zones in the southeast C-400 area. The 
assumed porosity for the UCRS sediments is the mean of 
measurements from 16 UCRS samples collected f o r  the WAG 6 RI. 

Table 1. Summary of UCRS Propertiee in the Southeast C-400 Area 

For the purpose of calculating a TCE DNAPL volume in the UCRS for 
the southeast C- 400 block, the maps of Appendix A have been used 
to define the area containing s o i l  with 100 pg/g ox greater TCE. 
Assuming the density of the TCE DNAPL is 1.46 g c m 3 ,  the specific 
gravity of the UCRS soil grains is 2 . 6 5  g/cm’, and the soi l  has a 
porosity of 36% with a 0.1% DNAPL saturation, the associated Soil 
TCE concentration is 3 0 8 , 9 4 8  pg/Kg or 309 i.lg/g. Thus, the maps 
define the area containing soils with approximately 0.1% 
saturation and greater. 

Note: In Estfmatft lg Potential for  Occurrence of DNAPL at 
Superfund Sites (EPA, 1992), a DNAPL saturation of 1% In 
s o i l  is presented a@ an indication of  DNXPL presence. The 
use of a 0.1% saturation level to define the DNAPL zone is 
due to the limita of rssofutfon capable w i t h  the data set- 
The WAG 6 RI analyzed soils f rom the southeast C-400 block 
with greater than 1% DNAPL saturation. 

The approximate area for  each depth interval slice is presented 
in Table 2. 

505111 E-9 



Table 2. Area and Volume of the TCE DNAPL Zone in the UCRS in the 
Southeast C-400 Area 

Volume Depth Interval Area Containing 100 Thickness 
(ft) PPM TCE or Greater Represented Represented 

(ft2) ( f t )  ( f  t') . 
3 6 5 . 0  - 369.9 , 4,000 14* 5 6 , 0 0 0  
360.0 - 3 6 4 . 9  3 , 4 0 0  5 17,000 
355.0 - 359.9 5 , 0 7 0  5 25,350 
350-0 - 354.9 3,730 5 18,650 
3 4 5 . 0  - 349 .9  2 , 5 0 0  5 12,500 

Characterization data from the original SWMU 11 investigation and 
the WAG 6 and WAG 27 RIs a l l  suggest the DNAPL migration pathways 
through the UCRS are essentially straight down. This is 
consistent with the general texture of  the UCRS silts and clays 
which have no observable lateral-to-vertical anisotropy. Thus, 
the ' footpr in t '  of the leak source is the w i d t h  of the source 
zone with highest DNAPL saturation. 

The distribution of TCE levels in the southeast C-400 block 
suggests the TCE concentration declines near-logarithmically with 
distance from the DNAPL migration pathway, Several assumptions 
have been made to derive a representative DNAPL saturation of the 
source zone: 

The DNAPL volume in the area containing less than 100 pg/g 
( - O - l %  saturation) of TCE in soil is insignificant. 
The vertical migration pathway of the DNAPL has an 
insignificant width.  

* The residual TCE saturation of the vertical DNAPL migration 
pathway (center of the DNAPL zone) is 30% (the maximum 
residual saturation suggested fo r  the PGDP site by Dr. B. H. 
Kueper, 1991). 
DNAPL levels decline at a uniform percentage per unit distance 
from the source zones (similar to dispersion e f fec t s ) .  Thus, 
for a DNAPL zone with a 30% saturation at the center and a 0.1 
% saturation at the edge, the average DNAPL saturation in soil 
is 5 . 7 %  (Figure 2). 

The calculation of volume of TCE DNAPL is the product of the 
volume of the TCE DNAPL 6ource zone, the porosity, and the 
saturation, Table 3 documents the calculation of volume of DNAPL 
for the southeast C-400 block. 

505112 E-10 



Unit Factor = 0.751872 

Unit Distance 
0 
3 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
16 
19 
20 

Avg. DNAPL Saturation: 

DNAPL Saturatlon (9%) 
30.00 
22.56 
16.96 
12.75 
9.59 
7.2 1 
5.42 
4.00 
3.06 
2.30 
1.73 
I .30 
0.98 
0.74 
0.55 
0.42 
0.31 
0.24 
0.1 8 
0.13 
0.10 

5.74 

I 

I !  

. I  
5 10 

Unit Distance 

Figure 2. Average DNAPL Saturation of UCRS DNAPC Source Zone 



Table 3 .  Calculation of TCE DNAPL for the Southeast C-400 Block 

TCE DNAPL Aslsumod Assumed Depth Volume 
Interval Represented Porosity Saturation Volume 

(ft) (ft? (k) ( % I  (ft9 
322 - 379 184,590 36 5.7 3 , m a  

c 

Depth Elevation of Base Representative Assumed 
Interval of Interval Lithology Porosity 

Boring 4 0 0- 0 4 5  (Southwest C- 400 Area) 
0-16 3 6 0 . 5  silt ta s i l t y  clay 36 
16-47 3 2 9 . 5  silty sand and gravel? 36 
4 7 - 5 2  3 2 4 . 5  silt and clay 36 

(ft) (ft) t t )  

I 
Baring 400- 042 (North C- 400 Area) 

A volume of 3,788 f t 3  is equal to 28,338 gallons (103,259 
liters). 

0 - 2 0  3 5 8 . 5  silt to silty clay 
20-42 i 336.5 silty sand and gravel 

South-End C- 400 Building Stortn Sewer and C-403 
Neutralization Pit/SWMU 4 0  Source Zones 

36 
36 

Soil characterization data are sufficient f o r  the south-end C-400 
Building storm sewer to determine that a DNAPL source zone exists 
at the point where the storm sewer exits from beneath t h e  
building. However, the data are inadequate to define the TCE 
DNAPL levels in three dimensions. The inference that a DNAPL 
source zone exists at the C-403 Neutralization Pit is based only 
on dissolved TCE levels, in the upper RGA and in the f i l l  water 
that collected within the pit during the RI. 

As previously discussed, the DNAPL source zone associated with 
the south-end storm sewer apparently extends to the RGA whereas 
the C-403 source zone is constrained within the UCRS, Boring5 
400- 045  and 400-042 will be used to represent t h e  geology of the 
UCRS for the south-end storm sewer and C-403 DNAPL source zones, 
respectively. 

Table 4 .  Summary of UCRS Properties in the Southwest C- 400  Area 
and the N o r t h  C- 400  Area 

I I 1 w i t h  sand and gravel f I 
It w i l l  be assumed that the UCRS DNAPL zone extends the full 52 
ft; depth of the UCRS soils in the  southwest C-400 block but is 
limited to a depth of 42  f t  beneath C-403. 
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The width of these TCE DNAPL zones remains largely undefined. 

Height 
(ft) 

St- Sewer Sot= 
Boring density is sufficient t o  determine that t h e  width of the 
south-end sewer system DNAPL zone does not extend 100 ft from the 
source. If w e  assume that 100 vg/g (-0.1% saturation) of TCE in 
soil defines the DNAPL source zone, only one WAG 6 boring was 
completed in the source zone. The TCE levels ( 94  and 200 pg/g) 
suggest the boring, located approximately 30 ft south of the C- 
400  Building, is near the edge of the source zone. 

Radius Volume Assumed Assumed TCE 
(ft) Rcprtstnte Porosity Saturation' DNAPL 

d ( t )  ( % I  Volume 
( f t3)  (ft') 

Following calculations of the south-end storm sewer saurce will 
be based on the assumption that the DNAPL leak occurred at the 
edge o f  the building footprint  and tha t  the source zone is 
symmetrical, Thus, the  south-end storm 6ewer source will be a 
cylinder with a 30 ft radius, centered on the south end of the  C- 
4 0 0  Building where the storm eewer exits from beneath the 
building. 

c - 4 0 7  So1uxe 
WAG 6 borings around the perimeter of the C-403 Neutralization 
P i t  d i d  not re turn  soil samples with TCE levels approaching 100 
vg/g. As a default value, the following calculations of the C-403 
source zone will be based on the assumption that the source zone 
(defined by TCE levels in so i l  greater than 100 vg/g) extends 
half the width of C-403. The C-403 Neutralization P i t  measures 2 5  
ft square in plan view. The C-403 Neutralization P i t  source zone 
will be approximated as a cylinder centered below C- 403 ,  with a 
radius of 6 . 2 5  ft. 

T a b l e  5. Calculation of TCE DNAPL for the South-End Storm Sewer 
and C-403 Sources 

The 3,017 f t 3  of DNAPL in the south-end storm sewer source is 
equal to 2 2 , 5 7 0  gallons (85 ,427  1iters)and the 8 2  f t3  of DNAPL in 
t he  C-403 source is equal to 793 gallons (3,002 l i ters) .  
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DNAPL VOLDME CALCULATION IN THE RGA 

TCE DNAPL Source Zone 

TCE Transfer Pump 
TCE Leak S i t e  (SWMU 11) 

South-End Stom Sewer 

The upgradient LOO mg/L (ppm) TCE isoconcentration contour 
appears to map the DNAPL source zones of the RGA. Moreover, the 
US Environmental Protection Agency recommends the use of 1% of 
the solubility of DNAPL (1% of the s o h b i l f t y  of TCE i s  110 mg/L) 
as an indication of DNAPL presence (EPA, 1992). Table 6 presents 
the assumptions used to define the area of the DNAPL source zones 
in the upper RGA (based on the TCE isoconcentration contour map 
fo r  the elevation interval 310.0 - 314.9 ft). 

Areal Extent Assumption Area 
(ft2) 

cylinder with radius of 90 ft 25 ,447  
line source 200 ft long by 5 ft 1,000 

wide 
cylinder w i t h  radius of 25  f t  1,963 

Table 6 .  Upper RGA DNAPL Source Zone Assumptions 

The geologist's logs and geophysical logs of WAG 6 borings 400- 
038 and 400- 207 provide the most detailed description of soil 
properties for the south end of the C- 400 Building. These borings 
will be used to represent the RGA DNAPL source zones. In both 
borings, an upper fine to medium grained sand horizon (base at 
elevation 323 ft in boring 400- 038  and elevation 322 f t  in boring 
400-207) overlies a thick interval of coarge sand and gravel. 

AS previously discussed, the slice maps of dissolved-phase TCE 
levels suggest different depths of penetration for the DNAPL 
source zones. All three of the RGA source zones are represented 
in the  s l ice  map for the elevation range 310.0 - 314.9 ft. T h e  
influence of the south-end storm sewer diminishes rapidly with 
depth. For the approximation of the south-end storm sewer DNAPL 
zone, the base of the DNAPL zone will be assumed to be the base 
of the upper sand horizon at 322 ft. 

The influence of the TCE Leak S i t e  (SWMU 11) DNAPL ~ource zone is 
evident down to an elevation of approximately 305 €t in the sl ice 
maps of dissolved-phase TCE levels. This depth closely 
corresponds to the depth (307 ft elevation) of an anomaly on the 
neutron porosity log of boring 400- 207 and the depth (302 ft 
elevation) of an abrupt decline in f i e l d  measurements of volatile 
organic compound levels (FID) in the soi l  core of boring 400-207. 
The base of the TCE Leak Site DNAPL zone will be assigned an 
elevation of 305 ft. 

TCE isoconcentration contours indicate a DNAPL source zone 
extends to the base of the RGA near the location of the TCE 
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transfer pump. Moreover, an increase in dissolved-phase TCE 
levels from boring 400- 207  at: the  base of the RGA may signify the 
presence of a DNAPL pool at the base of the RGA- For the estimate 
of the DNAPL source zone below 305 ft elevation, the source zone 
will be assumed to approximate a cylinder measuring 25 ft in 
radius (based on the TCE isoconcentration contour map f o r  the 
elevation interval 2 9 0 . 0  - 2 9 4 . 9  ft) and to extend to the base of 
the RGA, at an elevation of 286 ft. 

TCE DNAPL Source Zone Areal Dimensions Area 
(ft) ( f t2)  

TCE Transfer Pump radius = 90 25,447  
(305-327 ft elevation) 

(286-305 ft elevation) 

(305-327 ft elevation) width = 5 
South-End Storm Sewer radius = 25  1,963 

TCE Transfer Pump radius = 25 1,963 

TCE Leak Site/SWMU 11 length = 200  1,000 

( 3 2 2- 3 2 4 . 5  ft elevation) 

Table 7. Calculation of the Volume of the  RGA DNAPL Source Zones 

Thickness Volume 
(ft) t f t 3 )  
22 559  , 834 

19 3 7 , 2 9 7  

22 2 2 , 0 0 0  

2 . 5  4,908  

The  WAG 6 RI characterized soil properties around the C- 400 
Building. The mean of 26 measurements of porosity of RGA soils is 
4 0 % .  An average TCE saturation level is required for the 
calculation of DNAPL volume. Unfortunately, no suitable samples 
for  measurement of TCE levels in so i l  have been recovered from 
the coarse sand and gravel of the RGA. 

The only available data related t o  DNAPL saturation i n  the RGA 
are the dissolved-phase levels of TCE. These limited measurements 
cannot be directly linked to a saturation level. However, the 
decline of dissolved-phase TCE levels with lateral distance f r o m  
the center  of the DNAPL source zone ( w i t h  the exception of the 
direction of groundwater flow) m a y  be a model of decrease of 
DNAPL saturation. 

The following derivation of average DNAPL saturation for the 
source zone {upgradient area with dissolved-phase TCE levels 
greater than 100 mg/L) assume8 that the profile of dissolved- 
phase TCE levels in a direction normal to groundwater flow is a 
direct measure of the distribution of DNAPL saturation. 
Dispersion will also reduce dissolved-phase TCE levels away from 
the source zone. For this derivation, the effect of DNAPL 
distribution is assumed to be dominant. 

This derivation is based on a conceptual model of a narrow 
pathway of vertical migration at the center of the DNAPL source 
zone. The  coarse sand and gravel of the RGA is assumed to re ta in  
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Table 12. Volume of DNAPL in the RGA Source Zones 

TCE DNAPL 
Volume 
(ft? 

18,139 

1,208 

I TCE DNAPL TCE DNAPL 
Volume Volume 

I i ters 1 
135,698 513,696 

9,037 34,210 

(ga 1 lons 1 
TCE DNAPL Source Zone 

TCE Transfer Pump 
(305-327 ft elevation) 

TCE Transfer Pump 
(286- 305  ft elevation 

TCE Leak Site (SWMU 11) 
(305-327 ft elevation) 
South-End Storm Sewer 

( 3 2 2- 3 2 4 .  S ft elevation) 

I 

713 5,334 I 20,189 

159 1,189 4,503 
L 

NOTES ON CALCULATION OF DNAPL VOLVMES 

. Depth Elevation of 1 Representative 
Interval Base of Interval Li tho1 ogy 

(ft) (ft) 
0 - 2 0  350 clay 
20-30 348 i gravely sand 
30-32 346 t sandy clay 
32-39 3 3 9  gravely sand 
39- 49 329 clay and sandy salt ' 

The above calculations ignore the presence of pooled DNAPL. Where 
pooled DNAPL occurs, the DNAPL volume will be significantly 
greater than the derived volumes. Dissolved-phase TCE levels in 
WAG 6 boring 400-207 increase at the base of the RGA, suggesting 
a DNAPL pool may be present at the base of the RGA. The WAG 6 
data are insufficient to quantify the dimensions or volume of 
pooled DNAPL, 

DNAPL pools tend to develop at the interface of permeability 
barriers. The base of the sand and gravel horizon in the  UCRS is 
another horizon where significant DNAPL pools should be expected. 

TECHNETIUM SOURCE ZONE CALCULATION IN THE UCRS 
93 

Technetium Storage Tank/SWXU 47 Source Zone 

T h e  lithologic log of the so i l  boring fo r  well MW175 will be used 
to represent the soil textures of the Technetium Storage Tank 
source zone. Table 13  summarizes the dominant UCRS textures w i t h  
depth. 

Table 13. Summary of UCRS S o i l  Textures for  the Former Location 
of the Technetium Storage Tank 
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The WAG 6 RI found the UCRS soils were unsaturated in the 
vicinity of the Technetium Storage Tank location down t o  an 
elevation of approximately 3 3 5  ft. Because 99Tc has a high 
solubility in oxidized waters (approximately 4 , 3 0 0  pCi/L), this 
calculation assumes that the only soils retaining 99Tc are in the 
unsaturated zone, Thus, t h e  base of  the 99 Tc source zone is a t  an 

Depth Interval 
(ft) 

1.0-4.5 

elevation of 335 ft, a depth of 43 ft. 

All of the seven surface soil samples 
adjacent to the bemed area that marks the  

soil "Tc activity ranges from 4 . 5  to 
Technetium Storage Tank exhibit high 99 Tc 

99 Technetium Activity 
{pci/g) 
8.1 

collected within and 
former location of the 
activity. The surface 
53 pCi/g. The only 

15.5-19 2 . 2  
2 6 - 2 9 . 5  0 . 4  

99  subsurface soil Tc activity data comes from analysis of samples 
from boring 0 4 7 - 0 0 2 .  Table 14 presents the 9 9 T ~  analyses f o r  
subsurface soil samples of 047- 002 .  

- 

Averagr "Technetium A c t i v i t y  I 2.8  

Table 14. 99Technetium in Subsurface Soil Analyses 
f o r  Boring 047- 002  

I I 1 

t 8 . 5 - 1 2 . 0  I 0 . 5  1 I 

9 9  The average Tc activity of soils f r o m  boring 047- 002  will be 
used as the measure of Tc activity of the source zone soils. 99 

The  three-dimensional distribution of data is insufficient to 
define the limits of the Technetium Storage Tank fiource zone. As 
a default value, the area enclosed by the berm will be used to 
define the la teral  dimensions of the source zone. The basis for 
this assumption is that spills or leaks from the storage tank are 
not expected to spread beyond the berm at the land surface and 
groundwater flow ( the  likely mechanism for 99Tc migration) is 
predominately vertical in the UCRS. 

T h e  bermed area has a surface area of approximately 625  f t 2 .  
Thus, approximately 26,875 f t3  of soil is contained within the 
Tc source area. A t  an average Tc activity of 2 . 8  pCi/g and a 

bulk density of approximately 1.70 g / c m 3  (specific gravity of 
2.65 g/cm3 and porosity of 36%) I the total "Tc activity of the 
source zone is: 

99 99 

2 6 , 8 7 5  ft' x 28,317 cm3/ft3 x 1.70 g/cm' x 2 . 8  pci/g = 3.62 x 10' pci 
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C-403 Neutralization Pit/SWMU 40  Source Zone 

Depth 
Interval 

(ft) 
0-17 
17-24 
24- 30  
38-52 

The lithologic logs of the soil boring f o r  well MW178 and boring 
040-008 represent the soil textures of the (2-403 Neutralization 
P i t  source area. Table 15 presents a summary of the area geology. 

. 
Elevation of Representative 

Base of Interval Lithology 
(ft) 
359 fill (clayey gravel) 
352 clayey silt 
330 gravely sand 
324 clayey silt 

Table 15.  Summary of UCRS Textures f o r  the Area of the C-403 
Neutralization P i t  

One soil boring sampling the backfill of the C-403 Neutralization 
P i t  found water at shallow depth. However, nearby piezometers 
document the depth of the UCRS saturated zone to be much deeper, 
at an elevation of approximately 341 f t .  Apparently, the  depth to 
water in the saturated backfill of the C-403 p i t  represents a 
localized perched water table. For the purposes of approximating 
a 99Tc source zone, the source zone will be assumed to extend 
between the base of the C-403 Neutralization Pit (elevation 351 
ft) and an elevation of 341 ft. 

The only "Tc i n  soil analyses for  the source zone depths at SWMU 
4 0  are f o r  single samples taken from the east and west  sides of 
the C-403 p i t .  In both samples, the "Tc activity was m i n i m a l  (0.1 
and 0 . 4  pCi/g). For the purposes of defining a source zone volume 
for the C-403 Neutralization P i t ,  it will be assumed tha t  the 
source zone approximates a cylinder with a diameter extending one 
half of the width of the pit ( the p i t  is 25 ft w i d e ) .  

For lack of better data, it will also be assumed that  the average 
Tc activity in soil and the bulk density of the so i l  is the same 

as the average for  the Technetium Storage Tank area, 2.8 pCi/g 
and 1.70 g/cm3, respectively. The total "Tc activity of the 
source zone is: 

9 9  

1,227 f t 3  x 28,317 cm3/ft3 x 1.70 g/crn3 x 2 . 8  pCi/g = 1.65 x 10' pCi 

MASS OF 99TECHNBTIUM IN THE UCRS SOURCE ZONES 

Table 16 summarizes the volume and total  activity of the t w o  
discrete UCRS Tc source zones a6 well as the mass of Tc 
present, assuming a specific activity o f  0.017 Ci/g (Shleien, 

99 99 

1992). 
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Tc Source 9 9  

Zone 

Technetium 

Table 16. Summary of UCRS 99 Technetium Source Zones 
J 

9 9  Tc Source Total "Tc Activity Total "Tc Mass in 
Zone Volume in 99Tc Source Zone "Tc Source Zone (9) 

( f t9  (Ci) 
# 1 

Storage Tank 
(SWMU 47)  
C-403 

2.13 x 10.' 2 6 , 8 7 5  3.62 x lo-' 

Neutralization 
Pit (SWMU 40)  
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Appondix A 
Isocancentration Maps of TCE in S o i l  (pg/g or ppm) 

for the Southeast C-400 Block 
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TCE LEVEL. (350.0 - 354.9) 
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TCE LEVEL (345.0 - 349.9) 
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TCE LEVEL (340.0 - 344.9) 
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TCE LEVEL (335.0 - 339.9) 
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Appendix B 

C- 400 Building Southwest Storm Sewer 
TCE in Soil Analyses (pg/g or p p )  for the Area of the 
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Appendix C 
Contoured Isoconcentration Maps of 
Dissolved-Phase TCE (pg/L or ppb) 

and 
Contoured Isoactivfty Maps of 

Digsolved Beta Activity (pCI /L)  
for  the RGA 

w a t e r  sample 
- 
# value i a  biased low by sampling or analytical methods 

value is biased high by sampling or anlytical methods 

DNAPL source zone associated with the TCE transfer p u p  
/--, 
I 
’- ’ leak s i te  
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TCE LEVEL (310.0 - 314.9) 
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BETA ACTIVITY (310.0 - 314.9) 
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TCE LEVEL (305.0 - 309.9) 
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BETA ACTIVITY (305 - 309.9 ft arnsl) 
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BETA ACTIVITY (300-304.9 ft amsl) 
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TCE LEVEL (295.0 - 299.9) 

505151 E-5 3 



BETA ACTlVflY (295 - 299.9 ft amsl) 
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TCE LEVEL (290.0 - 294.9) 
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